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I . INTRODUCTION 
One of the objectives of the Peruvian agricultural sector is increased 
productivity of the presently cultiva ted land (7) . Although in the coastal 
area, average yields of crops are much higher than in the jungle and 
mountain areas, they remain low in terms of their potentialities (10) . 
On the other hand, the low nutritional levels and the rapid popula-
tion growth (13) demand an accelerated increase in food production . This 
demand is accentuated due to the increasing necessity of the country to use 
foreign exchange derived from exports in the purchase of capital goods 
necessary for its economic development, instead of importing food that 
can be produced domestically. 
Water is a major limiting factor of increased agricultural production 
on the Coast and thus its optimum use must be one of the primary 
objectives in any agricultural development policy. The new "Ley General 
de Aguas" (General Water Law) (Decree Law No . 17752), makes the efficient 
use of this limited resource poss ible and, on the other hand , the regula-
tion of irrigation proves t o be highly effective for increasing production 
in the cultivated area (4). Within this context, those crops with the 
highest returns per cubic meter of water (1) should have priority. 
It also is logical to assume that in the next few years increases in 
agricultural production shall result essentially from a better and more 
efficient use of the existing water resources (5) instead of through the 
development of new areas by means of costly irrigation projects. This 
will also be necessary as a mean to f ree resources needed to i mplement the 
agrarian reform, as well as the parallel development of the manufac turing 
2 
sector, with a view to integrate the national economy and attaining 
self-propelled development. 
This study is oriented towards increased productivity specifically 
based on an individual farm or agricultural production unit, which is in 
the last instance the executing schedule (celula ejecutora) that 
materializes development planning. 
A. Statement of the Problem 
There are available at present different types of studies on 
Moquegua, on a regional level (8, 12, 17, 2, 11), which help to solve 
economic and social development problems. This study , on the other hand, 
is orient ed toward representative farms in the various valley areas for 
the purpose of providing judgment of all those who have to provide 
practical recommendations to the farmer (12) and for such technicians as 
may be working in regional planning, through the aggregation of the 
results obtained from an analysis of the representative farms. 
One of the important problems of the area results from the 
characteristics of water resource availability. The Moquegua River 
discharges show wide variations from year to year and within the same 
year , and in additi on a large part of the total flow is concentrated in a 
short period. This is why it is believed that large agricultural benefits 
could be obtained if dams were constructed to allow the regulation of the 
river water discharges (11) . 
In accordance to the forementioned, the optimization of the use of 
the recourses of representative farms of the valley must be made to include 
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two situations totally differentiated. The first one refers to the 
existent situation of limited availability of water in the valley and the 
second one to where the farmers could use the volume of water they desire; 
that is to say , there does not exist a restriction about the availability 
of water due to the presence of reservoirs in the high parts to supply 
any demand of water based on the form of use in the first situation or 
the existent situation. 
Through the individual study of representative farms in both 
situations, we also can have a series of elements of judgment to make 
extensive recommendations to the total area as well as to formulate plans 
at the regional level . 
B. Objectives 
The general objective of this work is to furnish elements of analysis 
for the study of the economical aspects of irrigation in Peru . The 
selected area for the study is the Moquegua Valley. Within this area the 
specific objectives are: 
1. To obtain a combination of crops that give the optimum use of 
resources in the representative farms under the existent 
irrigation conditions . 
2. To obtain a new combination of crops that optimize the use of 
resources in the same representative farms considering that 
there are no restrictions on water, and 
3. To determine the economic returns from the regularization of 
irrigation without volume restriction at the farm and valley 
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levels. 
C. Procedures for Pursuing Objectives 
To carry out the first objective, a representative farm will be 
selected in each of the four areas of the valley: Torata and Tumilaca 
in the High Zone, the Middle Zone and the Lower Zone. Then, through 
linear programming the optimum use of the resources will be obtained for 
these farms considering the existent situation of limited availability 
of the water resources . The model and the data have been taken from the 
work done to prepare the pilot plan of integral development in the 
Moquegua Valley (2). 
To complete the second objective the existent situation is taken as 
the starting point but in the optimization of the use of resources it is 
assumed that there is no restriction in the use of the water due to the 
presence of reservoirs in the upper part of the valley. 
Finally, to fulfill the third objective of the study a comparison is 
made of the results and the economic returns coming from the two previ-
ously mentioned situations at the level of the representative farms and 
taken to higher levels of aggregation. 
D. Organization of the Study 
In the first chapter a broad description of the policy of the sector 
and of the whole economy related to the study is made. Then, the nature 
of the problem, the objectives of the study and the procedure to accomplish 
the objectives are described. 
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In Chapter II the area of the study and the proposed method of 
analysis are described. The results and discussion at the level of the 
representative farms are shown in Chapter III; the application of the 
results at higher levels of aggregation are discussed in Chapter IV. 
Chapter V consists of the conclusions and recommendations and Chapter VI 
the summary of the study. 
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II. STUDY AREA AND METHODS OF ANALYSIS 
A. Study Area 
1. Description of area 
The department of Moquegua is located in the Southern Coastal area 
of Peru. Since it is desert land, the agricultural area extends along 
the rivers which flow down the western slopes of the Andean range. 
The Moquegua River which flows into the Pacific Ocean, originates 
from the joint flows of the Huaracane and Torata Rivers. The Tumilaca 
River which is the only tributary flows into its left margin very near 
its source. 
Existing climatic differences and agricultural characteristics have 
caused it to divide the area into three zones (2): High, Medium and Lower 
Zones (See Figure 1). 
The High Zone is located 1,500 meters above sea level and includes 
the valley of Torata and Tumilaca. It has dry weather, some rainfall, 
and its temperature occasionally goes down to 0°C. 
The Middle Zone is located between 1,500 and 1,200 meters above sea 
level. It practically has no rain, and its average annual temperature is 
approximately 10°C (City of Moquegua). 
The Lower Zone comprises the area between the mouth of the Tumilaca 
in the Moquegua River (1,200 meters above sea level) and the Osmore 
Canyon (800 meters above sea level). It extends, therefore, all along the 
Moquegua River where the valley starts until it forms the Osmore Canyon. 
There is still much to be investigated regarding the most adequate 
Fig. 1. Location of the study area within Peru and its division 
into High, Middle and Lower Zones for analysis purposes 
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crops for each zone, but generally it is believed (17) that the high area 
is adequate for stone fruits such as apricots, plums and pears; and the 
Middle and Lower Zones, for grapes . Vegetables produce very well 
throughout the area as well as corn . 
2 . Resources 
a. Land The cultivable area is given in Table 1, under the 
heading "Total crop land" . It is important to note that it is practically 
impossible to expand this area even with the assumption that there is 
excess water. Any important expansion would have to come from outside 
the valleys of the Moquegua River and its tributaries (8) , as for example, 
the Pampas de Ilo . 
The land has been classified according to the standards of the U.S. 
Bureau of Reclamation. This classification contemplates the economic 
aspects of production and the development of land as related to soil 
conditions, topography and drainage. Four classes were used for land 
suitable for irrigation and one class for non-irrigable land (8) . 
Approximately 70 percent of the soils fall within the first three classes 
and over 30 percent within the first class. There are no Class V lands. 
b. Labor In the Middle and Lower Zones with a small and medium-
sized farm system of agriculture, where some modern techniques are used 
and some profitable crops are grown, hired farm labor or farm laborers 
are more important than family farm labor. In these areas, only 35 
percent of the small farmers work as farm laborers on the agricultural 
units which they operate. The rest are devoted simply to the management 
of the farms (11) . During the planting and harvesting seasons, they use 
Table 1. Present crop distribution and cropping areas 
Crops and croppi ng areas Tora ta Tumilaca 
Ha . % Ha . % 
Permanent crops 13.9 1.8 20.5 9 . 2 
Wheat or barley 155.8 24.4 41.8 18.8 
Corn (grain) 113.6 15 . 0 19.3 8.7 
Potatoes 100 . 0 8.6 19 . 2 8 . 6 
Horticulture crops 8. 9 1.0 7 . 3 3 . 3 
Cotton 
Beans 8 . 9 1.0 2 . 0 0.9 
Alfalfa 489.5 63 . 2 156.8 70.6 
Total effective cultivated area 890.5 115 . 0 266 . 8 120 . 1 
Total cultivated area 774.2 100 . 0 222 . 2 100. 0 
Area of double cropping 116 . 3 15 . 0 44 . 7 20.1 
Total crop land 774. 2 100 . 0 222.2 100 . 0 
Total cultivated area 774.2 100.0 222 . 2 100.0 
Fallow land 
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Middle Zone Lower Zone Total 
Ha. % Ha. Ha. % 
202 . 8 16 . 5 69 . 0 7.3 306.2 9 . 7 
112.2 9.1 96.0 10.2 405.8 12 . 8 
178.2 14 . 5 152.5 16.2 463.6 14.6 
60.0 4.9 50.8 5.4 230.0 7.3 
25.7 2.1 22.0 2.4 63.9 2 . 0 
59.2 4.8 50.8 5 . 4 110 . 0 3.5 
10 . 2 0.8 7.8 0.8 28 . 9 1.0 
414.9 33.7 305.1 32.5 1366.3 43.1 
1063.1 86.4 754.1 80.2 2974.5 94 . 0 
976.8 79.4 657.6 69.9 2630.7 83 . 1 
86.4 7 . 0 96.5 10.3 343.8 10 . 9 
1229.9 100.0 940.3 100 . 0 3166.6 100 . 0 
976 . 8 79.4 657.6 69.9 2630.7 83.1 
253.1 20.6 282.7 30.1 535.9 16.9 
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hired labor from the high area in the department. 
While the high areas, Torata and Tumilaca, have excess permanent 
labor, there is under-employment in the Middle and Lower Zones, with the 
exception of the planting and harvesting seasons, and it actually occurs 
most of the year . It seems, therefore, that there is an excess of labor 
or there is under- employment throughout the area being studied. 
c. Water The two tributaries mainly responsible for the water 
volume derived from the Moquegua River are the Torata and the Tumilaca 
which originate in the highland of the western slopes of the Andes (high 
western watershed area). The water flows from these two rivers, and thus 
from the Moquegua River, are characterized by their large monthly and 
annual variations (11) . Generally, we might say that the period of 
abundance lasts about 80 days (Januai:y 20th to April 10th approximately). 
In February, there have been in the Moquegua River maximum flows of 26 
cubic meters per second for 24 hours, and in March , 18 cubic meters per 
second for 48 hours (average for the years 1944-1948). On the other hand, 
for the same river and for the period with the lowest water discharge, 
July and August, the amount is as low as 1 cubic meter per second. 
The irregularity in the volume of water leads us to believe that 
considerable advantages could be obtained with the regulation of the 
river. It is estimated that the effect of a serious drought will diminish 
crop production by 35 percent both because of a reduction in the 
cultivable area and a decrease in unit yields. In the dry years there is 
an additional deterioration in the quality of crops (8). 
Deficiencies originated by this irregularity are emphasized still 
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more due to the outdated system of water distribution among the users . 
Distribution is not carried out according to any technical criterium, 
but according to acquired water use rights or according to "custom and 
precedent" in the different valley areas (17). It will be seen then, 
that there is a great lack of proportion between water rights and farm 
areas. 
During the period of abundance, "toma libre" (free use) is declared, 
and each user takes as much as he feels is necessary; but even during 
this period there is a shortage in the Lower Zone. Beginning in 
September, the low water flow season is officially declared, and the 
"mitacion" period starts, water being distributed according to the water 
use rights acquired. It is not strange to see then that some sectors may 
have abundant water, while others practically have no irrigation water or 
only have available filtrations from the high areas . However, with the 
Water Law passed on July 24, 1969 (Decree Law No. 17752) which meant the 
abolition of outdated water codes dating back to the Colonial period, 
there is now a legal basis for organizing irrigation in a more efficient 
manner. 
d. Capital The use of commercial c redit is practically non-
existent in the agricultural sector; however, there are three government 
agencies which promote the use of credit: The Servicio de Investigacion 
y Promocion Agraria, SIPA (Agricultural Research and Promotion Service) 
through the plan Costa (plan for the Coast); the Banco de Fomento 
Agropecuario (Agricultural Development Bank) and the Corporacion de 
Rehabilitacion y Desarrollo del Departamento de Moquegua (Corporation for 
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the Rehabilitation and Development of the Department of Moquegua). 
Even though credit activities have been carried on intensively, the 
accomplishments of these three organizations have not been altogether 
satisfactory due to institutional rivalries, administration deficiencies 
and lack of personnel (17). 
The use of credit has facilitated to some extent the introduction of 
technical measures: (use of) hybrid corn, "guano de Islas" (bird manure), 
insecticides and fungicides; but in general the existing technological 
level is very low, as well as income from agricultural activities (8) . 
3. Crop distribution 
Table 1 shows the present crop distribution. There are a number of 
reasons to account for this (8): crops with a ready use and market in 
the area , lack of farmers' reliance in modern methods, difficulty in 
obtaining credit for permanent crops, water management according to 
current "custom and precedent", inadequate irrigation methods , etc. 
The primary activity in the valley is dairy and cattle production 
based on alfalfa. An explanation of this would be the great uncertainty 
there is as to the availability of water which causes farmers to devote a 
good portion of their land areas to such a crop as alfalfa, with only an 
initial investment, maintaining the alfalfa fields then the following 
years with surplus water after irrigating their annual crops. 
Practically all the agricultural production is consumed in the area 
(17) and marketing is carried out through middlemen who come to the farm. 
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4. Farm sizes and tenure 
In the High Zone (Torata and Tumilaca) , the "minifundia" (very small 
size of ownership units) problem is far greater than in the rest of the 
valley (2). Of the cultivable land, 38 percent involves farms less t han 
3 hectares in size representing, however, 84 percent of the total number 
of farm units. The size of the largest farm is 160 hectares. 
In the Middle Zone , 24 percent of the area consists of farms less 
than 4 hectares in size, grouping at the same time 65 percent of the 
total number of units. The largest farm is 72 hectares. 
In the Lower Zone, only 7 percent of the area is represented by farms 
which are less than 4 hectares each, but which are 43 percent of the 
t otal number of farms. The largest farm is 100 hectares . 
In referring to the land tenure aspect (12), we see that 64 percent 
of the valley area is held by landowners and the rest by lessees. This 
area distribution is very similar to the numerical distribution, with 62 
percent of the total number of units operated by its owners and the 
remainder by lessees. 
It is also important to point out that 45 percent of the total 
number of farms in the valley is operated by landowners who have less 
than 3 or 4 hectares each. 
B. Methods of Analysis 
Linear programming is a tool that is much used in economics because 
it permits an accurate formulation of problems, quick computations and 
the use of a great number of relevant data (6). It provides response 
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patterns, which aid and are a guide for decision making. In this sense, 
it is important to point out that the models used in linear programming 
are abstractions from a complex reality and must be rated according to 
the accuracy of their predictions (9). 
1 . Model used to obtain the optimum use of resources 
in the representative farms with limited availability of water 
a. Characteristics of the model For purposes of this study , we 
have taken a linear programming model designed by Dr. Lon Cesa! (Iowa 
Mission and Associates), under an agreement between the "Comision de 
Estudios del Plan de Desarrollo del Valle de Moquegua", the Servicio de 
Investigacion y Promocion Agraria (SIPA) and the Oficina Sectorial de 
Planificacion Agricola (OSPA), with the advisory assistance of the Iowa 
Mission in Lima (2) . The mathematical formulation of the model is 
attached as an appendix to the present thesis . 
The model was built having in mind the typical farms in the Moquegua 
valley and with the purpose of obtaining cropping patterns which would 
serve as a base and guide for farmers in the optimum use of their 
resources (14). 
A number of interdependent questions must be answered at the farm 
level, i.e.: 
(1) What proportion of the land should be devoted to permanent 
crops? 
(2) What would be the optimum crop combination in the remaining 
area? 
(3) What should be the planting dates ? 
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(4) How does the annual crop combination change each year, as the 
use of resources for permanent crops changes? 
(5) What is the necessary amount of credit for permanent and annual 
crops? 
(6) Should credit be given for fixed expenditures and subsistence 
expenditures during the first few years of the plan when there 
is no income from permanent crops? 
(7) When should farmers start to repay their loan, and how should 
repayments be scheduled? 
(8) Should a low rate of interest be charged in order to encourage 
permanent crops? 
(9) Should the small farmers having a large amount of labor avail-
able work part of the time off their farms, or should they 
produce crops which use a larger amount of labor (labor 
intensive)? 
(10) What proportion of the land should remain uncultivated due to a 
limited availability of water in order to assure the success of 
other crops? 
The optimal solution of the model provide for each of the representa-
tive farms the optimal crop combination, use and repayment of credit, and 
sale and purchase of labor. 
The optimum use of resources entails a dynamical process. Permanent 
crops require large investments for the first few years while income 
occurs later . This process, in turn, must be related to the annual crop 
combination and to the changing use of resources involved. 
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1) The objective function The model maximizes net income 
discounted over a 15 year production cycle. Net income maximized in each 
period of the model being defined as the difference between gross income 
minus variable costs, fixed costs, loan repayments used in the previous 
period and savings to be used in the next period for variable an<l fixed 
costs . This length of time and procedure of discounting net income was 
used so that the allocation of resources would not be influenced by 
different money values over time. Discounting is particularly important 
in the case of stone fruits and grapes, where costs are very high in the 
first few years and income is received later. Likewise, this is related 
to annual crops, for which costs are made one period but income is 
received the next period. 
It was assumed that the normal stone fruit production period lasted 
through the 15th year and therefore this period could be used as a basis 
for calculating cropping enterprises. 
The rate of discounting used was 5 percent per year inasmuch as a 
similar rate of interest could be obtained for money invested in saving 
accounts. This rate of interest actually represents the cost of 
opportunity of capital. 
2) Resource allocation periods The model provides for a 
flexible use of land, water and labor resources in varied periods within 
each of the firs t five years. The optimal plan of the fifth year is 
projected through the 15th year. The reason for this assumption is that 
the costs and incomes of stone fruits and grapes become uniform beginning 
with the fifth year and for this reason the crop schedule from the sixth 
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year to the 15th year are the same as for the fifth year. 
Beginning with the sixth year and through the tenth years, each year 
is dealt with as a separate period for purposes of computing costs, gross 
income and discounted net income. The period between the 11th and the 
15th years is handled as a single period. This procedure makes credit 
possible for meeting the costs during the initial periods of the planning 
period and for repaying the loans during the later periods. 
It is important then to point out that all of the activities related 
to annual crops, that might appear in the optimal solution the fifth year, 
will be included automatically in the following years of the plan. 
As to the initial period of the model, we see that the use of land, 
water and labor resources starts in the period April-June of the first 
year because normally planting begins during this period and then extends 
throughout the rest of the year. On the other hand, money flows are 
handled semi-annually, the first period being April-Septemb~r, the second 
October-March, and so on. It is understood then that each year starts in 
April and ends in March of the following year. 
3) Functional relationships In Figure 2, we can see the 
scheme of the main functional relationships of the model. The "Money 
Balance Equation" or "Gross Income Equation" receives income from 
production activities (crops) and the sale of family labor, distributing 
it optimally, through several activities, savings to be used in the 
future and net income. We also see that the "Loan Repayment Balance 
Equation" or "Amortization Equation" includes all the required loans for 
production expenditures and fixed expenditures. The repayment of these 
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loans, plus interest (5 percent semi-annually), are transferred from the 
"Gross Income Equation". 
4) Capital flows Figure 3 shows a scheme of capital flows 
between periods. Each unbroken arrow line is an activity which indicates 
the flow of funds in the direction shown. Activities are identified with 
letters and numbers which express the disaggregation of the general 
activities identified with letters in Figure 2. We also see activities 
which do not involve expenditures for interest, while in others, each Sol 
that is transferred from one period to another includes an interest charge 
of 5 percent semi-annually. 
b. Selection of the representative farms Farms in each of the 
four zones in the valley of Moquegua have been stratified according to 
areas. An average size with respect to land area was found for different 
strata of farms which will be referred to as representative farms. These 
are not representative farms in a statistical sense, but a point of 
reference for planning and policy formulation for the farms included in 
the respective strata. The representative farms have the largest number 
of common characteristics of the group (12). Technical coefficients and 
restrictions were determined according to these units, their definition 
and formulation being made by the personnel who have worked in the pilot 
development plan for the overall agricultural development of the Moquegua 
Valley (2). 
For purposes of this study, we have selected a single farm in each 
zone, using as criterion that it represents the widest stratified area 
with the largest number of units, and at the same time that it be 
economically significant (over 3 hectares). 
Fig. 3. An illustration of the capital flows between equations 
and/or periods in the model for the 5th and 6th years 
~~~~·Capital activities. They show capital flows 
between equations and/or periods. They are 
identified with a letter and two numbers. The 
first number refers to the year and the second 
one to the semester. After the 5th year the 
second one refers to the whole year. Other 
signs and coefficients are those of the model. 
A 5 percent per half year period interest rate 
is used for borrowing money and a 5 percent per 
year period interest rate for net income dis-
counting . 
• They relate an amount of capital x with a 
--- physical unit of the respective activity. Flows 
are only figurative. 
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c. Restrictions 
1) Land The availability of land, or cultivable area, 
coincides exactly with the size of the f arm, and it was automatically 
determined at the time of selecting each of the representative farms. 
These areas are shown under the heading "Land (hectares)" in Tab :i..e 2. 
The Moquegua valley is characterized by its "eternal spring" (eterna 
primavera) weather, which makes it possible to plant crops any time of 
the year. This characteristic is introduced in the model in order to 
admit the differential use of land resources throughout the following 
four periods during the year: 
April 
July 
to June 
to September 
October to December 
January to March 
2) Family labor The availability of family l abor in these 
four periods is given in Table 2. An average family is one consisting of 
the father, the mother and three children, who more or less can provi de 
labor according to the area involved (2). In addition, the "Purchase of 
Labor" activity makes it possible for the family labor to be supplemented 
in any period when the optimum plan so requires it. On the other hand, 
as we shall see later, the "Sale of Family Labor" activity makes it 
possible to use surplus labor off the farm only in certain periods in 
exchange for wages, which a re dealt with as income. 
It is important t o point out that for purposes of obtaining the 
maxi mum use of family labor , t he model does not show it as an expenditure 
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Table 2. Restriction levels for the representative farms in each zone 
Middle Lower 
Restriction Period Tora ta Tumilaca Zone Zone 
Land (hectares) Entire year 3.88 16.04 6.48 8.95 
Available family Apr. to June 45.5 6.5 7. 0 21. 7 
labor per Ha. July to Sept. 44 . 5 7.0 7.0 23.3 
(days) Oct. to Dec. 42.1 6.1 7 . 0 20.2 
Jan. to March 59.7 12.3 22.5 43 . 3 
Water (cubic Apr. to June 6780 7360 5760 5190 
meters per Ha.) July to Sept. 6000 6120 4760 4190 
Oct. to Dec. 7410 7370 4920 4360 
January 2950 3370 2840 2630 
Feb. to March 4960 5700 7070 6280 
Initial capital Apr. to Sept. 1350 1870 2910 1930 
(soles per Ha.) of the 
first year 
Fixed expenditures Per semester 3040 1450 2010 2160 
(soles per Ha.) 
Upper limit of Entire year 40 20 10 20 
potatoes (per-
cent of the area) 
Upper limit of Year 3 10 5 5 5 
tomatoes (percent Year 4 10 10 10 10 
of the area in Year 5 10 10 10 10 
the designated 
year) 
Upper limit of Year 3 5 15 15 15 
peas (percent of Year 4 10 15 15 15 
the area in the Year 5 15 15 15 15 
designated year) 
Intercropped peas Year 1 50 50 so 50 
with stone fruits Year 2 50 50 50 50 
(percent of the Year 3 40 40 40 40 
stone fruit area 
in peas) 
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Table 2. (Continued) 
Restriction Period Tora ta Tumilaca 
Middle 
Zone 
Lower 
Zone 
Intercropped peas 
with grapes (per-
cent of the grape 
area in peas) 
Upper limit of peas 
and tomatoes on 
the land not 
planted to 
permanent crops 
(percent of the 
area not planted 
to permanent crops) 
Year 1 
Year 2 
Year 3 
Applies at all 
times after 
Year 2 
33 33 
50 
40 
30 
33 
50 
40 
30 
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but the purchase of labor does show it and therefore originates a decrease 
in net income. 
3) Water The availability of water is extremely varied 
throughout the year, and it is for this reason that it plays a decisive 
role in the selection of crops and planting dates. Table 2 shows the 
availability of water in the five periods. As it appears, the fourth 
period has, in turn, been divided in two: January and February-March. 
This is justified because these are the months when water is more abundant 
and therefore they have a critical importance in determining optimal 
planning. 
In order to determine the "available water per hectare", the annual 
and periodical volume in the upper valley were determined by averaging 
the few available statistics and taking into account the filtrations from 
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the higher areas, and then such volume was distributed in the arable area . 
This "available water per hec tare" which is the same for the entire area 
in question includes consequently the loss of water resulting from its 
conveyance from the upper areas to the farm and from the distribution and 
use of water within the farm. It is for this reason that the figures for 
"available water per hectare" shown in Table 2 are high, as well as the 
coefficients for water requirements per hectare for each crop (2). These 
coefficients include conveyance, distribution and water use losses as 
well as "consumption use" or evapotranspiration, which is the water 
consumed by transpiration or plant tissue formation and evaporation from 
adjacent soils. However, it is necessary to add that the coefficients 
also appear to be high due to the fact that irrigation efficiency or that 
part shown in terms of percentage of water delivered at the farm and used 
for water consumption or evapotranspiration is very low throughout the 
area being studied. It ranges between 30 percent and 60 percent (17) . 
4) Initial capital It was assumed in implementing an 
optimum plan of any farm, that farmers would have capital available from 
the previous semester and that it would be used to pay their fixed and/or 
variable expenditures. These figures for the "Initial Capital" are shown 
in Table 2, and as it will be noted they are small because it was also 
assumed that farmers had a low technological level. 
5) Fixed costs The fixed costs per hectare shown in Table 
2 include subsistence expenditures and miscellaneous expenditures. 
Included in the latter are taxes and land rents, these being the same for 
the entire study area. 
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Subsistence expenditures per hectare which vary with the assumed 
technological level and farm size , i nclude food, clothing, housing, house-
hold goods, health and recreation. In this study a high technological 
assumption was chosen in order to encourage a higher level of living in 
the study area . 
6. Crops From the demand studies effectuated in the valley 
the overall volume of agricultural products that could be marketed in the 
area was determined. This volume was taken into account in placing the 
restrictions on the representative farms (2). 
Table 2 shows area percentages for the upper limits on potato, 
tomato and pea crops and for peas intercropped with stone fruits and 
grapes . 
In Torata up to 40 percent of the area is allowed for potatoes 
because it is the main crop in the area and the basic means of subsistence. 
In the rest of the valley the limits are lower in order to avoid 
overproduction. 
The restriction on tomatoes and peas is subject to the establishment 
of a processing plant. It is assumed that a plant will be established 
within the first two years after the plan is started, and that it will 
begin to produce the third year and will reach its full capaci t y the 
fourth year . 
The restriction on peas intercropped with stone fruits and grapes is 
based on strictly technical criteria, as well as crop rotation when peas 
and tomatoes are involved in the sense that it does not allow either of 
the two crops to cover more than 33 percent of the area not used for 
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permanent crops. 
d . Income generating activities 
1) Crops The model provides for the use of four planting 
periods: April, July, October and January. Depending on their specific 
characteristics and ecology, there are some crops that can be planted in 
either of the four periods while others can only be planted successfully 
in given seasons in the year. All are semi-annual crops, except alfalfa, 
grapes and fruits, which are permanent. 
Throughout the valley corn, tomatoes and peas can be planted in any 
of the four seasons: peas can be intercropped with stone fruits and 
grapes in April, and wheat and barley in April and July. Alfalfa (dairy) 
and stone fruits (plums, apricots and peaches) are permanent and are 
planted only once, in April the first year . In Torata, which has a 
typical sierra climate, potatoes are planted in July and October, and in 
the other areas in April. 
In the Middle and Lower Zones in addition hybrid corn can be planted 
in the four periods since there are varieties adequate for a market that 
utilizes the corn for animal feeding. Grapes have been planned to be 
planted in April the first year as a permanent crop for wine and pisco 
making. 
For grapes and stone fruits a high level of technology is 
contemplated since these will be introduced directly by the sponsoring 
agencies, but not for the remaining crops. For these a medium technologi-
cal level is assumed, which is an improvement over the present low level. 
Vegetables are grown successfully in the study area, but with the 
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exception of tomatoes and peas, they were not included in the plans due 
to their limited demand. These may be introduced as family gardens 
displacing less profitable crops in the optimum plans. 
Current May 1967 producer prices were used for all crops. 
2) Sale of family labor The sale of family labor off the 
farm has been allowed only in given periods in a year so as to avoid the 
possibility that managerial labor not be present in the critical periods 
on the production of grapes and fruits. The periods selected for the 
sale of family labor are the same for the four zones. For the first 
three years such periods are: April-June and January-March, and beginning 
the fourth year they are : April-June and October-December. On the other 
hand, as pointed out before, the purchase of labor is possible in any 
of the four periods . 
It is important to point out also that inasmuch as the sale possi-
bilities of labor in each of the representative farms occur in the same 
periods in the four zones, a general statement cannot be made as to the 
transfer of labor from one area to another, using as a reference the 
results from the representative farms and bringing up the results to a 
zonal level. It has been assumed that the sale of labor is to large 
farms in the area and the purchase of labor is from small farms in the 
same area. 
e. Coefficients The coefficients used for the activities 
selected for purposes of this study are found in the working papers 
prepared under the "Convenio entre la Comision de Estudios del Plan de 
Desarrollo del Valle de Moquegua, Servicio de Investigacion y Promocion 
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Agraria (SIPA) y Oficina Sectorial de Planificacion Agricola (OSPA)", 
with the advisory assistance of the Iowa Mission in Lima (2). 
2. Model used to obtain the optimum use of resources in 
the representative farms with unlimited availability of water 
The model used is the same as the previous one, but with an important 
modification, that is, there are no restrictions on the availability of 
water in any period. This being the only change, we are assuming that the 
rest remains unchanged: technology, coefficients and farmers ' attitudes. 
In general, the Moquegua development programs estimate that the 
regulation of irrigation by means of a reservoir in the high areas would 
solve the main agricultural problems. We would like to see how crops and 
resources would be organized in the representative farms if we had such a 
reservoir. 
Our basis for comparison shall be the optimization of present condi-
tions according to the previous model which has contemplated already a 
medium level of technology in the valley, above the present levels. 
The increases in discontinued net income that might be obtained would 
come about exclusively as a result of the new organization of resources 
in the crop schedule due to a greater availability of water. But it should 
be borne in mind at the same time that this would lead to a great farm 
stability in contrast to the former situation subject to seasonal and 
annual changes in the water flows. 
Normally, the use of a greater amount of water in the area requires 
a larger canal capacity (15) . Actually, there is a network of canals 
over the entire valley area which in spite of its serious hydrological 
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deficiencies is used to its full capacity in such areas as water is 
abundant. 
Experience indicates that full benefits from an irrigation project 
of this type are not realized immediately due to the fact that it is not 
only necessary to implement an advanced technology materially, but also 
it is necessary to have farmers who are receptive to the new changes (3). 
All this requires time, as a rule more than 10 years (16), but meanwhile 
it will be necessary to analyze a specific situation where there is a 
large availability of water resources that certainly will be used by 
farmers according to their own traditional ways, at least the first few 
years . 
It is therefore of interest to study which would be the optimum use 
of the resources in the representative farms the first few years, so that 
the government agencies could draw general guidelines that would enable 
them to provide instructions and recommendations at the production unit 
level. 
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III. RESULTS OF ANALYSIS 
A. Land Use 
Tables 3 to 10 show the optimum plans of the representative farms 
under the two proposed situations, limited and unlimited availability of 
water. 
Table 11 shows in detail the fifth year because, in addition, it is 
representative of the next ten years. 
1. High Zone: Torata and Tumilaca 
The optimum plans indicate that the stone fruits thrive in these areas 
and that once water restrictions disappear no other crop can compete with 
them. 
The optimum crop combination with limited availability of water in the 
representative farms (Tables 3 and 5) differs from that in traditional 
farming in the High Zone (Torata and Tumilaca), see Table 1, where 
alfalfa, wheat and barley account for over 80 percent of the area. In the 
new plans, the distribution is altogether different inasmuch as fruits 
use up to 70 percent of the farm (Table 11) and the remaining area is 
devoted to tomatoes, peas and potatoes with none of the traditional crops, 
i.e., alfalfa, wheat-barley and corn. It must be borne in mind that 
tomatoes and peas entail the availability of a processing plant and thus 
these crops are only permitted beginning the third year when such plant is 
supposed to start operating. 
Both in Torata and Tumilaca, the most desirable crops after stone 
fruits are potatoes and tomatoes. For several years these two crops have 
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Table 3. Optimum plan for a representative farm of 3. 88 hectares i n 
Torata with limited availability of watera 
Crops in the 
plan 
Wheat or barley 
Stone fruits 
Tomatoes 
Potatoes 
Potatoes 
Corn (grain) 
Intercropped peas 
Peas 
Period 
April to June 
October to December 
January to March 
a 
Planting 
da t e 
April 
April 
April 
July 
October 
October 
April 
April 
Year of the plan 
1 2 3 4 
0 . 02 0.02 o.oo 0 . 00 
2 . 70 2.70 2 . 70 2 . 70 
o.oo 0 . 00 0.19 0 . 39 
1.16 1.16 0.99 0.79 
0.00 0 . 00 0.18 0.37 
0 . 02 0.02 0.02 0 . 02 
1.35 1.35 1.08 0.00 
0 . 00 0.00 0.00 0.00 
Unused land 
1.16 1.16 0.99 0.79 
0.00 0.00 0 . 00 0.00 
1.16 1.16 0.99 0 . 79 
The values are expressed in hectares . 
5 
0.00 
2 . 70 
0 . 39 
0.70 
0.00 
0.00 
0 . 00 
0.09 
0.70 
0.48 
1.18 
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Table 4. Optimum plan for a representative farm of 3. 88 hectares in 
Torata with unlimited availability of water8 
Crops i n the 
plan 
Stone fuits 
I ntercropped peas 
Plan ting 
date 
April 
April 
1 
3.88 
1 . 94 
Year of the plan 
2 3 4 
3.88 3 . 88 3 . 88 
1 . 94 1 . 55 0.00 
a 
The values are expressed in hectares . 
5 
3 . 88 
0.00 
covered the maximum area under the existing restriction levels (Table 2). 
Thus in Torata tomatoes reach the upper limit allowed beginning the fourth 
year, while potatoes do so throughout the first four years (Table 3). On 
the other hand, in Tumilaca tomato crops only reach the upper limit 
allowed the third year while potatoes do the same every year (Table 5) . 
At present in the high areas t her e is no fallow land throughout a 
whole one year period (Table l); on the other hand , there are some areas 
which suppor t two crops the same year . In the optimum plans with limited 
availability of water (Tables 3 and 5) very large areas appear as having 
two crops in the third and fourth year s in Torata and in the first four 
years in Tumilaca; only beginning the fifth year double cropping 
disappears in both areas . It is important to point out that only in the 
first year in Tumilaca land resources are used continuously throughout 
the whole year (Table 5); the following years, and both in Tumilaca and 
Torata there is uncultivated land for six month periods (Tables 3 and 5). 
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Table 5. Optimum plan for a representative farm of 16.04 hectares in 
Tumilaca with limited availability of watera 
Crops in the 
plan 
Wheat or barley 
Stone fruits 
Tomatoes 
Potatoes 
Corn (grain) 
Intercropped peas 
Peas 
Period 
April to June 
July to September 
October to December 
January to March 
Planting 
date 
April 
April 
April 
April 
October 
April 
April 
1 
1. 32 
11.44 
0 
3.28 
4 . 60 
5 . 72 
0 
0.00 
0.00 
0.00 
0.00 
Year of the plan 
2 3 4 
1.05 0 . 00 0.00 
11 . 44 11.44 11.44 
0 0 . 82 1. 32 
3.28 3 . 28 3 . 28 
4.60 4.27 2 . 14 
5. 72 4.58 0 
0 0 . 50 0 
Unused land 
0.27 0.00 0 . 00 
0.27 o.oo 0.00 
o.oo 0.33 2. 46 
0.00 0.33 2.46 
a 
The values are expressed in hectares. 
5 
o.oo 
11.44 
1.32 
3.28 
0 
0 
0 
0.00 
0 . 00 
4.60 
4.60 
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Table 6 . Optimum plan for a representative farm of 16.04 hectares in 
Tumilaca with unlimited availability of watera 
Crops in the 
plan 
Planting 
date 1 
Year of the plan 
2 3 4 5 
Stone fruits April 16.04 16.04 16.04 16 . 04 16 . 04 
Intercropped peas April 8.02 8.02 6.42 0.00 0.00 
a The values are expressed in hectares . 
2. Middle Zone 
In any of these two situations (Tables 7 and 8) we see that tomatoes, 
peas and potatoes reach the upper limit in the period April-September 
under the existing restriction levels (Table 2) . 
The April-September wheat-barley crop and the October-March hybrid 
corn cr op are the dominant crops in the farms in all situations, and the 
areas planted to these crops increase considerably when the problem of 
water shortage is absent . We note that such increase is attained because 
then there are no longer uncultivated areas neither a small area that is 
planted to grapes. 
Traditionally, this zone is devoted to alfalfa (34 percent) and to 
grapes (16 percent). See Table 1. As for grapes , the optimum plan of 
the representative farm indicates that even under present conditions with 
a shortage of water , the area involved is not as important relatively as 
compared to other crops, and we see that when there is water available this 
is totally unimportant because the relative advantage under water shortage 
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Table 7. Optimum plan for a representative farm of 8.95 hectares in the 
Middle Zone with limited availability of watera 
Crops in the 
plan 
Wheat or barley 
Grapes 
Tomatoes 
Hybrid corn 
Hybrid corn 
Potatoes 
Intercropped peas 
Peas 
Period 
April to June 
July to September 
October to December 
January to March 
Planting 
date 
April 
April 
April 
October 
January 
April 
April 
April 
Year of the plan 
1 2 3 4 
5.58 5.58 4.22 3.86 
0.57 0.57 0.57 0.57 
0.00 0.00 0.45 0.90 
5.79 5.74 5.64 5.59 
0.77 0.36 0.44 0.00 
0.90 0.90 0.90 0.90 
0.28 0.23 0.17 0.00 
0.00 0.00 1.34 1.34 
Unused land 
1.91 1.13 1.11 0.95 
1.91 1. 90 1.47 1. 39 
2.59 2.64 2.74 2.79 
1.82 2.28 2.30 2.79 
a 
The values are expressed in hectares. 
5 
3.82 
0.57 
0.90 
5.54 
0.00 
0.90 
0.00 
1.34 
1.43 
1.43 
2.84 
2.84 
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Table 8. Optimum plan for a representative farm of 8.95 hectares in the 
Middle Zone with unlimited availability of watera 
Year of the plan Crops in the 
plan 
Planting 
date 1 2 3 4 
Wheat or barley April 8.05 8.05 6.26 5.82 
Potatoes April 0.90 0.90 0.90 0 . 90 
Peas April 1.34 1.34 
Tomatoes April 0.45 0 . 89 
Hybrid corn October 8.95 8.95 8.95 8.95 
a 
The values are expressed in hectares . 
conditions is l ost as against wheat-barley and hybrid corn . 
5 
5. 82 
0.90 
1. 34 
0.89 
8.95 
It should be pointed out also that in the present situation there is 
fallow land (20.6 percent) throughout the year, as well as areas with 
double cropping (7 percent), see Table 1. This same situation appears in 
the optimum plans with limited availability of water which shows that the 
model is realistic. 
3. Lower Zone 
In the optimum plans with limited availability of water (Table 9), 
the areas planted to tomatoes, peas and potatoes practically reach the 
same upper limits as in the optimum plans when there is no longer water 
shortage (Table 10). These results are due to the restrictions placed on 
these crops (Table 2) . 
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Table 9. Optimum plan for a representative farm of 6.48 hectares in the 
Lower Zone with limited availability of watera 
Crops in the 
plan 
Wheat or barley 
Grapes 
Tomatoes 
Hybrid corn 
Hybrid corn 
Potatoes 
Intercropped peas 
Peas 
Period 
April to June 
July to September 
October to December 
January to March 
Planting 
date 
April 
April 
April 
October 
January 
April 
April 
April 
1 
1.44 
3 . 57 
0 . 00 
2.86 
0.05 
1.30 
1. 78 
0.00 
0.18 
0.18 
0.05 
0.00 
Year of the plan 
2 3 4 
1.47 0.32 0 . 00 
3.57 3.57 3.57 
0.00 0.32 0 . 65 
2.55 1. 94 1.63 
0.05 0.00 o.oo 
1.30 1.30 1.30 
1. 43 1.07 0.00 
0.00 0.97 0.97 
Unused land 
0.10 0.00 0.00 
0 . 15 0 . 00 o.oo 
0.36 0.98 1. 29 
0.36 0.98 1. 29 
8The values are expressed in hectares . 
5 
0 . 00 
3 . 57 
0 . 65 
1. 32 
0.00 
1. 29 
0.00 
0.97 
0 . 00 
0.00 
1.60 
1.60 
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Table 10. Optimum plan for a representative farm of 6.48 hectares in the 
Lower Zone with unlimited availability of watera 
Crops in the 
plan 
Wheat or barley 
Grapes 
Tomatoes 
Hybrid corn 
Potatoes 
Inter cropped peas 
Peas 
Planting 
date 
April 
April 
April 
October 
April 
April 
April 
a 
The values are expressed 
Year of the plan 
1 2 3 4 5 
2.63 2.63 1. 33 1.01 1.01 
2.56 2.56 2.56 2.56 2.56 
0.00 0.00 0.32 0.65 0.65 
3.92 3.92 3.92 3.92 3.92 
1.30 1.30 1. 30 1.30 1. 30 
1.28 1.02 o. 77 0.00 0.00 
0.00 0.00 0.97 0.97 0.97 
in hectares. 
Grapes are the dominant crop in both situations. But when there is 
an abundance of water, the area is reduced from 55 percent to 40 percent 
(Table 11). This is because grapes lose their relative advantage when 
there is a shortage of water, as against the April-September wheat-barley 
crop and the October-December hybrid corn crop, such as we see also with 
the Middle Zone. 
The optimum plans under the present water shortage conditions 
comparatively are very different as to the distribution of crops from 
traditional farming which involves a large amount of alfalfa (33 percent) 
and some grapes (7 percent), See Table 1. 
There is at present in this zone an area of permanent fallow land 
Table 11. Optimum plans in the 5th year of a representative farm in each zone with limited and 
unlimited availability of water 
Percentages of the area planted to each crop in each period 
Period Crops 
Stone fruits 
Tomatoes 
April Peas 
to Potatoes 
June Grapes 
Wheat-barley 
Unused land 
Total (%) 
Stone fruits 
Tomatoes 
July Peas 
to Potatoes 
Sept. Grapes 
Wheat-barley 
Unused land 
Total (%) 
Tora ta 
Un-
limited limited 
70 100 
lOa 
2a 
18 
100 100 
70 100 
10 
2 
18a 
100 100 
a 
Six month crop planted in the period 
Tumilaca 
Un-
Limi ted limited 
71 100 
8a 
2la 
100 100 
71 100 
8 
21 
100 100 
indicated. 
Middle Zone 
Un-
Limi ted limited 
lOa lOa 
15
8 15a 
lOa lOa 
6 
43a 65a 
16 
100 100 
10 10 
15 15 
10 10 
6 
43 65 
16 
100 100 
Lower Zone 
Un-
Limi ted limited 
-
lOa lOa 
15a 15a 
20a 20a 
55 40 
15a 
100 100 
10 10 
15 15 
20 20 
55 40 
15 
100 100 
..c-
w 
Table 11. (Continued) 
Period Crops 
Stone fruits 
Oct. Potatoes 
t o Grapes 
Dec. Hybrid corn 
Unused land 
Total (%) 
Stone fruits 
Jan . Grapes 
t o Hybrid corn 
March Unused land 
Total (%) 
Percentages of the area planted to each c r op in each period 
Tora ta 
Un-
Limi ted limited 
70 100 
18 
12 
100 100 
70 100 
30 
100 100 
Tumilaca 
Un-
Limited limited 
71 100 
29 
100 100 
71 100 
29 
100 100 
Middle Zone 
Un-
Limi ted limited 
6 
62a lOOa 
32 
100 100 
6 
62 100 
32 
100 100 
Lower Zone 
Un-
Limited limited 
55 40 
20a 60a 
25 
100 100 
55 40 
20 60 
25 
100 100 
.%:-
.%:-
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(31.1 percent) and another area with double cropping (10 . 3 percent) . See 
Table 1. Although in the optimum plans we find a double cropping area with 
a limited availability of water, nevertheless there is no permanent fallow 
land as there should be since this zone offers less irrigation possibili-
ties than the Middle Zone (2). This situation is explained later when 
discussing the use of labor, water and capital. 
B. Labor Use 
Labor results are shown in detail in Table 12. The following analysis 
is restricted, unless specified otherwise, to the fifth year, since this 
is also representative of the following years and describes a period of 
economic stability as compared with the first four years when fruits are 
in the process of development. In addition, the possibility of selling 
family labor off the farm as provided for by the model (page 31) is a 
factor which does not appear to influence the organization of the optimum 
crop schedule, except in Torata, the latter situation being explained 
below. 
In Table 12 we see that there is a greater use of labor per hectare 
in the four zones when there is no shortage of water; under these 
conditions land is used to a maximum degree throughout the year and there 
are no longer uncultivated areas. 
The largest increases in labor use in the absence of a limited 
availability of water should occur in the Middle and Lower Zones, since 
less availability of water should lead consequently to a greater use of 
land. This is true with the Middle Zone, where labor use increases by 
Table 12. Labor balance for the optimum plans of a representative farm in each zone with limited 
and unlimited availability of water during the 5th year 
Item Tora ta 
Un-
Limi ted limited 
1 . Total available family 
labor 
a. Used on the farm 
b . Hired ou t 
c. Not used 
2. Purchase of hired labor 
3. Total labor used (la+2) 
Used on the farm 
Hired out 
Not used 
Total available family 
labor 
Family labor used on the 
farm as a percent of total 
191. 8 
125.9 
55.6 
10.3 
15.4 
141. 2 
66 
29 
5 
100 
labor used 89 
Hired labor as a percent of 
total labor used 11 
Total labor used 100 
191.8 
134.8 
57.0 
36.2 
171.0 
70 
30 
100 
79 
21 
100 
Labor per hectare 
Tumilaca Middle Zone 
Un- Un-
Limited limited Limited limited 
31. 9 
31. 9 
Labor balance in days 
31.9 43.6 
29.2 43.6 
2.8 
111.6 141. 8 
143 . S 171.0 
43 . 6 
87 .2 
43.6 
43.6 
67.6 
111. 2 
Family labor in percentages 
100 
100 
91 
9 
100 
100 
100 
Labor used in percentages 
22 
78 
100 
17 
83 
100 
50 
50 
100 
100 
100 
39 
61 
100 
Lower Zone 
Un-
Limi ted limited 
108.5 
105.0 
3.4 
14.7 
119.7 
97 
3 
100 
88 
12 
100 
108.S 
108.5 
20.9 
129.4 
100 
100 
84 
16 
100 
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28 percent, as compared with the Torata and Tumilaca areas where increases 
are 21 percent and 19 percent, respectively. However, in the Lower Zone 
labor increases only by 8 percent due to the fact that under the optimum 
plan with limited availability of water (Table 9) an hectare planted to 
grapes is planted to wheat-barley in the period April-September, and to 
hybrid corn in the period October-March under the optimum plan with 
unlimited availability of water (Table 10). It is noteworthy that grapes 
use an amount of labor which is significantly greater than that used by 
the annual cycle crops: wheat-barley and hybrid corn (2) . 
One of the reasons accounting for a larger grape area in the Lower 
Zone, as compared with a larger area involving annual crops in the Middle 
Zone , is that the lower area has a greater amount of family labor (Table 
2) and its use on the farm is not computed as an expenditure (Page 25); 
therefore, the growing of grapes relatively is more advantageous because 
it uses a greater amount of labor than annual crops. 
In the High Zone, there is a greater use of labor per hectare as 
compared with the other two zones. The reason for this is that the 
dominant crops are stone fruits for which labor requirements are greater 
than for annual crops and even for grapes, which are dominant in the 
Middle and Lower Zones, respectively. It also appears that the amount of 
labor per hectare used in Torata and Tumilaca is very similar due to the 
similarity of the crop schedules. 
As to family labor, a greater concentration per hectare in the 
smaller farms in Torata and the Lower Zone is striking, as compared with 
Tumilaca and the Middle Zone. In general, it is apparent that the use and 
48 
structure of family labor practically is the same in the individual farms, 
either under conditions of limited or unlimited availability of water . 
The reason might be that even with limited availability of water there is 
no problem of excess labor in the representative farms selected, except 
in Torata. This may be substantiated when we see that family labor is 
almost fully used in a water shortage situation and at the same time 
there is use of hired labor as well. 
As regards Tor ata, it is interesting to point out that practically 
the same structure continues in both situations with respect to the use 
of family labor (see Table 12). It is apparent that even when there is 
no shortage of water, the same percentage of family labor is used off the 
farm, and that at the same time there is an increase in hired labor . This 
is accounted for by the fact that in the annual periods provided for by 
the model for the sale of family labor and as from the fourth year , i.e., 
April-June and October-December (Page 31) water requirements for stone 
fruits are the lowest (2), so that although larger areas are devoted to 
stone fruit when there are no longer water restrictions the large amount 
of family labor available makes its sale possible practically on the 
same level. However, this is not true in July-September and January-
March, when labor requirements for stone fruits come to a peak and there-
fore it is necessary to resort to the purchase of labor to a significant 
extent. 
With reference to hired labor, which according to the model can occur 
without any restrictions in any of the four periods, there is a significant 
increase in the four areas when water restrictions no longer exist . 
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Actually, increases in total labor used are due almost entirely to a 
larger amount of hired labor rather than to increases in the use of 
family labor in the farm which except in Torata is totally absorbed . 
In Torata, for the first four years, due to the periods provided 
for the sale of family labor, the optimum plan is organized in such a 
way as to allow as much as possible both the sale of family labor and the 
inclusion of annual crops. Since we have not attached much importance to 
this exception among the objectives in this thesis, further information 
has not been included in this respect. 
C. Water Use 
Tables 13 to 16 show the results on water use. In the following 
analysis these results are checked against those on the use of land and 
labor resources. 
1. High Zone: Torata 
Under the present water shortage conditions, it is important to point 
out that the only periods when available water is used in full in the 
optimum plans are October-December and February-March the fifth year 
(Table 13). The restriction on available water in the months of February-
March (Table 2) and the water requirements for stone fruits in this 
period (2) determine mainly the area to be planted to fruit in the optimum 
schedule (Table 3). 
Likewise, the restriction on the months of October and December 
determine, as second priority, the area to be planted to potatoes in the 
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Table 13. Water use balance for the optimum plans of a representative 
farm in Torata with limited and unlimited availability of 
water 
Unlimited availability 
Limited availabilitI of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubic percent of 
years meters eer ha.a as percent meters that available 
of that used per in the re-
Available Used available hectarea strictive case 
Year 1 
April to June 2.3 1.4 60.0 1. 9 82.6 
July to Sept. 2.0 1. 9 95.8 1. 7 85.0 
Oct. to Dec. 2.5 1. 8 74.5 1.4 56.0 
January 3.0 1.4 45.9 1. 9 63.3 
Feb. to March 2.5 1.3 50.7 1.8 72.0 
Total 28.2 19.2 68.1 20.6 73.0 
Year 2 
April to June 2.3 1.4 61.5 2.0 87.0 
July to Sept. 2.0 2.0 98.6 1.8 90.0 
Oct. to Dec. 2.5 1. 9 78.4 1.6 64 . 0 
January 3.0 1.5 50.4 2.1 70.0 
Feb. to March 2.5 1.4 55.8 2.0 80.0 
Total 28.2 20.2 71.6 21. 9 77. 7 
Year 3 
April to June 2.3 1. 3 59.8 1.3 56.5 
July to Sept. 2.0 1. 9 95.9 1. 7 85.0 
Oct. to Dec. 2.5 2.0 82.4 1. 7 68.0 
January 3.0 1.8 60.8 2.3 76.7 
Feb. to March 2.5 1.6 67.3 2.1 84.0 
Total 28.2 21.0 74.4 21.9 77 . 7 
a 
Figures refer to the monthly average within the period, except for 
the totals which refer to the 12 month period. 
51 
Table 13. (Continued) 
Unlimited availability 
Limited availabiliti of water of water 
Thousand Water use as 
Thousand cubic Water use cubic percent of 
Periods and meters Eer ha.a as percent meters that available 
years of that used per in the re-
Available Used available hectarea strictive case 
Year 4 
April to June 2.3 0.8 36.3 0.8 34 . 8 
July to Sept. 2.0 1. 7 83.9 1.3 65.0 
Oct. to Dec. 2.5 2.4 98.2 2.3 92 . 0 
January 3.0 2.5 85.4 3.1 103.3 
Feb. to March 2 . 5 2.3 94.4 2.9 116.0 
Total 28.2 22.0 78.0 21.8 77.3 
Year 5 
April to June 2.3 1.0 45.2 1.0 45.2 
July to Sept. 2 . 0 1. 9 94.5 1.6 80 . 0 
Oct. to Dec. 2.5 2.5 100.0 2.8 112 . 0 
January 3.0 2.6 90.4 3 . 8 126.7 
Feb. to March 2.5 2.5 100. 0 3.6 144.0 
Total 28.2 23.8 84.3 27 . 2 96.6 
period July-December the fifth year. 
Still referring to the fifth year, which is representative of the 
following years, we see that even though there is both unused water and 
land available at the same time from April to June, there is not in this 
period a larger April-September tomato crop because then in July-
September tomatoes would compete for land with the July-December potato 
crop, the latter having a higher value in the face of a limited resource 
such as water. It should be pointed out also that in the periods April-
June and October-December when labor use for fruits is meager (2) sale of 
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Table 14 . Water use balance for the optimum plans of a representative 
farm in Tumilaca with limited and unlimited availability of 
water 
Unlimited availability 
Limited availabilitx of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubic percent of 
meters Eer ha. a as percent meters that available years 
of that used per in the re-
Available Used available hectarea strictive case 
Year 1 
April to June 2.5 2.3 94.3 2 .1 84 . 0 
July to Sept. 2.0 2.0 99.2 1. 8 90.0 
Oct. to Dec. 2 . 5 2 .0 80.6 1.5 60.0 
January 3 . 4 2.8 84 . 4 2.1 61. 8 
Feb . to March 2.9 2.7 93.1 2.0 69.0 
Total 29.9 27.1 90.6 22.1 73.9 
Year 2 
April to June 2.5 2.3 93.7 2 . 1 84 . 0 
July to Sept. 2.0 2.0 100.0 1. 9 95.0 
Oct. to Dec. 2.5 2.1 84.9 1.6 64.0 
January 3.4 3.0 88.9 2.3 67.6 
Feb. to March 2.9 2. 7 98.1 2.2 75 . 9 
Total 29.9 27 . 8 93.0 23 . 6 78 . 9 
Year 3 
April to June 2.5 2.2 88.2 1.8 72.0 
July to Sept. 2.0 2.0 97.5 1. 8 90.0 
Oct. to Dec. 2.5 2.1 86.6 1. 8 72.0 
January 3.4 3.1 90.7 2 .6 76 . 5 
Feb. to March 2.9 2.9 100.0 2.4 82.8 
Total 29.9 27.6 92. 3 23.6 78 . 9 
8Figures refer to the monthly average within the period, except the 
totals which refer to the 12 month period. 
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Table 14. (Continued) 
Unlimited availability 
Limited availabilitx of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubic percent of 
ha. a as percent meters that available years meters Eer 
of that used per in the re-
Available Used available hectarea strictive case 
Year 4 
April to June 2.5 1.4 58.1 0.8 32.0 
July to Sept. 2.0 1. 7 85.7 1.4 70.0 
Oct. to Dec. 2.5 2.1 86.6 2.4 96.0 
January 3.4 3.1 90.7 3.4 100 . 0 
Feb. to March 2.9 2.9 100.0 3.2 110 . 3 
Total 29.9 24. 7 82.6 23.6 78.9 
Year 5 
April to June 2.5 1.6 64.0 1.0 40.0 
July to Sept. 2.0 2.0 97.9 1. 7 85.0 
Oct. to Dec. 2.5 2.1 86.6 3.0 120 . 0 
January 3.4 3.1 90.7 4.3 126.4 
Feb. to March 2.9 2.0 100.0 4.0 137 . 9 
Total 29.9 25.8 86.3 29.5 98.7 
labor occurs as provided for in the model (page 31). 
On the other hand, for the first four years there is unused land in 
the optimum plans under water shortage conditions (Table 3) in spite of 
the fact that in no period is the available water used in full (Table 14). 
As explained before, under the analysis of labor use, this is due to the 
periods allowed (page 31) for the sale of labor and to the surpluses of 
family labor, and thus the optimum plan is organized in such a way as to 
allow as far as possible both the sale of family labor as well as the 
inclusion of annual crops. 
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Table 15. Water use balance for the optimum plans of a representative 
farm in the Middle Zone with limited and unlimited availability 
of water 
Unlimited availability 
Limited availabilit~ of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubi c percent of 
meters Eer ha. a as percent meters that available years 
of that used per in the re-
Available Used available hectare a strictive case 
Year 1 
April to June 1.9 1. 7 90 . 2 2.3 121.1 
July to Sept. 1.6 1.6 100.0 2.1 131.3 
Oct. to Dec. 1.6 1.6 100.0 2.4 150.0 
January 2.8 2.1 74.2 2.8 100.0 
Feb. to March 3.5 2.3 65.8 3.1 88 .6 
Total 25.3 21.6 85.4 29.2 115 . 4 
Year 2 
April to June 1. 9 1.9 100 . 0 2.3 121.1 
July to Sept. 1.6 1.6 100.0 2.1 131.3 
Oct. to Dec. 1.6 1.6 100.0 2 .4 150.0 
January 2.8 2.0 69.8 2.8 100.0 
Feb. to March 3.5 2.2 61.9 3.1 88.6 
Total 25.3 21.8 86.2 29.3 115.4 
Year 3 
April to June 1. 9 1.9 100.0 2.3 121.1 
July to Sept. 1.6 1.6 100.0 2 . 0 125.0 
Oct. to Dec. 1.6 1.6 100 . 0 2.4 150 .0 
January 2 . 8 2.0 70 . 6 2 .8 100.0 
Feb, to March 3.5 2. 2 62.6 3 .1 88.6 
Total 25.3 21.9 86.6 28 .9 114.2 
a 
Figures refer to the monthly average within the period , except the 
totals which refer to the 12 month period. 
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Table 15. (Continued) 
Unlimited availability 
Limited availabilit~ of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubic percent of 
ha. a as percent meters that available years meters Eer 
of that used per in the re-
Available Used available hectares strictive case 
Year 4 
April to June 1. 9 1.9 100.0 2.3 121 . l 
July to Sept . 1.6 1.6 100 . 0 2.0 125.0 
Oct . to Dec. 1.6 1.6 100 . 0 2.4 150 . 0 
January 2 . 8 1. 9 65 . 8 2.8 100.0 
Feb. to March 3.5 2.1 58.4 3.1 88 . 6 
Total 25.3 21.4 84.6 28 . 9 114.2 
Year 5 
April to June 1.9 1. 8 94 . 0 2.3 121.l 
July to Sept. 1. 6 1.6 100.0 2 . 0 125 . 0 
Oct. to Dec. 1.6 1.6 100.0 2.4 150.0 
January 2.8 1.9 65.8 2 . 8 100.0 
Feb . to March 3 . 5 2.1 58.4 3.1 88 . 6 
Total 25.3 21.1 83.4 28.9 114 . 2 
In brief, for the first four years and under water shortage condi-
tions, the organization of the optimum plan is not subject to the 
availability of water, but beginning the fifth year and the following 
years, the labor sale possibilities in April-June and October-December 
as well as the potato and tomato plantings are adjusted to fit the 
characteristics and requirements of permanent fruits as far as water and 
labor use are concerned. Once water restrictions are non-existent, fruits 
do not have any competitors and they displace the other crops (Table 4); 
in addition, this opens up a possibility for the use of family labor and 
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Table 16 . Water use balance for the optimum plans of a representative 
farm in the Lower Zone with limited and unlimited availability 
of water 
Periods and 
years 
Year 1 
April to June 
July to Sept . 
Oct . to Dec. 
January 
Feb . to March 
Total 
Year 2 
April to June 
July to Sept . 
Oct. to Dec. 
January 
Feb . to March 
Total 
Year 3 
April to June 
July to Sept . 
Oct. to Dec. 
January 
Feb. to March 
Total 
Limi ted availability of water 
Thousand c ubic a meters per ha. 
Available Used 
1. 7 
1.4 
1.5 
2 .6 
3.1 
22 . 6 
1. 7 
1.4 
1.5 
2. 6 
3.1 
22.6 
1. 7 
1.4 
1.5 
2.6 
3.1 
22.6 
1.5 
1.4 
1.5 
1. 7 
1.8 
18.6 
1.5 
1.4 
1.5 
1. 7 
1. 8 
18.3 
1.5 
1.4 
1.5 
1. 7 
1.8 
18.3 
Water use 
as percent 
of that 
available 
88.8 
100.0 
100.0 
66.3 
58.7 
82.3 
85.7 
100.0 
100.0 
65 . 6 
58 . 1 
81.0 
85.0 
100.0 
100.0 
65.6 
58.0 
81.0 
Unlimited availability 
of water 
Thousand 
cubic 
meters 
used per 
hectarea 
1. 7 
1. 6 
1. 7 
2. 0 
1.8 
20 . 3 
1.6 
1.5 
1. 7 
2.1 
2.2 
21. 2 
1. 6 
1.5 
1. 9 
2 . 2 
2.4 
21. 9 
Water use as 
percent of 
that available 
in the re-
s tric ti ve case 
100.0 
114.3 
113.3 
76.9 
58.1 
89.8 
94.1 
107.1 
113 . 3 
80.8 
71.0 
93 . 8 
94 . 1 
107.1 
126 . 7 
84.6 
77.4 
96.9 
a 
Figures refer to the monthly average within the period, except the 
totals which refer to the 12 month period. 
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Table 16. (Continued) 
Unlimited availability 
Limited availabiliti of water of water 
Thousand Water use as 
Periods and Thousand cubic Water use cubic percent of 
ha. a as percent meters that available years meters Eer 
of that used per in the re-
Available Used available hectare a strictive case 
Year 4 
April to June 1. 7 1.2 67 . 8 1. 4 82 . 4 
July to Sept. 1.4 1.3 89.9 1.4 100.0 
Oct. to Dec . 1. 5 1.5 100.0 1. 9 126 . 7 
January 2.6 1. 7 65.6 2.3 88.5 
Feb. to March 3.1 1.8 58.0 2 . 4 77.4 
Total 22.6 17.0 75 . 2 21.4 94.7 
Year 5 
April to June 1. 7 1.2 69.7 1.4 82.3 
July to Sept. 1.4 1.3 94.2 1.4 100.0 
Oct. to Dec. 1.5 1.5 100.0 2.0 133.3 
January 2.6 1. 7 65.6 2.4 92.3 
Feb. to March 3.1 1.8 58.0 2.5 80.6 
Total 22.6 17.3 76.5 22.1 97.8 
for the sale of a large amount of labor, and even for the purchase of 
labor (Table 12) . 
2. High Zone: Tumilaca 
As in Torata, the area planted to stone fruits in the optimum plans 
under limited availability of water (Table 5) is determined by such 
availability of water (Table 14) and by the water requirements (2) for 
the period February-March the fifth year. This means that in the fifth 
year and subsequent years no annual crops can be planted in October-
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December and thus from October to March there will be 4 .60 unused 
hectares, that is, 29 percent of the farm area (Table 11). 
On the other hand, in the period April-September, also in the fifth 
year the area planted to annual crops is no longer dependent upon the 
availability of water but rather on the restrictions placed on crops and 
available land. Thus it happens then that 20 percent of the farm is 
planted to potatoes, which is the upper limit allowed by the restrictions, 
while the remaining area is planted to tomatoes, which does not reach 10 
percent of the maximum allowed, and in addition some water is left unused. 
In view of the above, we can conclude that in the order of priority 
next to fruits, potatoes and then tomatoes are the most adequate crops 
consistent with the characteristics of each farm. 
It is important to point out also that in the first two years when 
tomato and pea crops are not allowed to grow (Table 2) because the 
processing plant just starts operating as from the third year, the most 
adequate crop for the period April-September, next to potatoes grown 
every year to the upper limit allowed , is wheat-barley . This crop 
disappears beginning the third year, being displaced by tomatoes, which 
reach the upper limit allowed by the restrictions (S percent) and by peas 
which use up the remaining area. Peas, in turn, are displaced by tomatoes 
beginning the fourth year, when an expansion in the area allowed for this 
crop takes place (10 percent). 
On the other hand, the first four years in the period October-March, 
when stone fruits do not yet require the full amount of available water in 
February-March the fifth year, the most adequate crop for using surplus 
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water is corn (grain) . 
In Table 14 we see that under water shortage conditions, with the 
exception of July-September when the total amount of available water is 
utilized, water is not a limiting factor except beginning the fifth year 
in February-March, which as we have mentioned before determines the 
fruit area in the model. 
As to the optimum crop schedule when the restrictions on the 
availability of water no longer appear (Table 6), stone fruits use up the 
whole farm, displacing annual crops which can no longer compete with fruit 
under the new existing conditions. The same thing happens with the zone 
of Torata, which has like characteristics ecologically. 
3 . Middle Zone 
In this zone water is a limiting factor throughout the year and its 
availability and distribution determine the optimum crop schedule. See 
Table 7 and 15. In the semester April-September under water shortage 
conditions (Table 7) potato, tomato and pea crops reach the upper limits 
allowed by the restrictions each year for five years (Table 2). In this 
semester the availability of water from July to September is the deter-
mining factor (Table 15) . 
After the three above crops, the second priority is wheat - barley, 
also from April to September; hybrid corn from October to March; and 
grapes, which is a permanent crop. These three crops get adjusted to the 
remaining available water after meeting the needs of potatoes, tomatoes 
and peas . As to grapes, it is necessary to point out that this crop only 
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uses up 6 percent of the farm (Table 11) . In the semester October-March, 
the availability of water is a determining factor in October-December 
(Table 15). 
On the other hand, when water is no longer a limiting factor the 
areas designated for potatoes, tomatoes and peas are maintained, but those 
for wheat-barley are expanded from April to September, and those for 
hybrid corn, from October to March, at the expense of grapes, which 
disappear altogether, and of the former uncultivated areas (Table 8) . It 
must be added that the annual (cycle) crops: wheat-bar ley , from April t o 
September, and hybrid corn from October to March, have less need for labor 
than grapes (2), but a greater need for water, so that when water restric-
tions disappear they gain an advantage over grapes because of their 
smaller use of labor. 
From the above it may be concluded that the crops which add a greater 
value to the program under any circumstances are potatoes , tomatoes and 
peas and under water shortage conditions grapes have a relative importance 
as compared with the annual (cycle) crops wheat-barley from April to 
September and hybrid corn from October to March insofar as taking advantage 
of the water characteristics and availability are concerned, but at the 
same time they are at a relative disadvantage because of a greater use of 
labor. 
4 . Lower Zone 
In the optimum plan with limited availability of water (Table 9) after 
the grape area is designated as a result of its interrelationship with the 
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other crops and the relevant restrictions, it is important to bring out 
such relationship as between this permanent crop and the other crops with 
respect to water use. Starting from the first year the development of 
grapes and their increasing water needs (2) determine among other 
things, the optimum areas for the different crops. 
In the semester April-September, and beginning the third year when 
tomatoes can be grown, this crop reaches the upper limit allowed by the 
restrictions placed upon it (Table 2) . This makes it a more important 
crop economically as regards water, than potatoes, peas and wheat-barley. 
Next would come potatoes, which in the first four years reach the upper 
limit allowed by the restriction, its area decreasing to a very small 
degree only in the fifth year. Peas would follow appearing with areas 
that practically reach the upper limit allowed by the restrictions as 
from the first year (Table 2). Finally would come wheat-barley, on which 
there are no restrictions and which only are grown the first three years 
but disappear entirely beginning the fourth year on being displaced by the 
above crops. 
With reference to the semester October-March, hybrid corn appears to 
be the most adequate annual crop. The corn area is determined by the 
availability of water from October to December, after the grapes have met 
their needs. This is therefore the critical period as regards water use 
within the six-month period October-March when all the available water is 
used (Table 16). As the grape crop develops with an increase in its water 
requirements starting from the first year, we see that the hybrid corn 
area decreases and at the same time the unused area increases (Table 9). 
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On the other hand, it is important to point out that in the semester 
April-September and only for the first three years the cultivated area is 
limited by the availability of water in July-September when all the 
available water is used (Table 16). Beginning the fourth year the entire 
farm is cultivated in this semester and there is even unused water . This 
situation -- which is apparently unrealistic because normally the marked 
water deficiency in the area determines leaving a portion of the farm 
uncultivated, and not only in the October-March period as provided for by 
the optimum plan -- may be accounted for by the occurrence of grapes, a 
crop which demands a relatively small amount of water, making it possible 
to use a greater amount of land. 
As to the optimum plan with unlimited availability of water (Table 
10), we note a few significant changes with respect to the above plan. 
Thus we see that tomatoes, potatoes and peas reach the upper limit under 
the prevailing restrictions, although it should be pointed out that such 
changes are not significant; but what is more important is to emphasize 
that under this plan when there are no water restrictions grapes lose 
their relative advantage as its planted area becomes reduced while the 
April-September wheat-barley crop and October-March hybrid corn crop 
expand their areas and furthermore the uncultivated area disappears. In 
addition, we may add that the annual (cycle) wheat- barley crop from April 
to September and hybrid corn from October to March becomes more important 
than grapes due to a smaller amount of labor use when there are no longer 
water restrictions. 
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D. Capital Use 
On Tables 17, 18 and 19 , capital use is shown in detail . 
1 . Gross income 
Stone fruits and grapes have high income levels per hectare . It is 
to be noted that the larger the area used by these crops is, the higher 
also is gross income per hectare (Tables 11 and 17) . 
With regard to income from the sale of family labor, we s e e that it 
remains practically unchanged either under conditions of shor tage or 
availability of water (Table 17). This is due to the sale possibilities 
of family labor, which occur in the same periods (page 31). On the other 
hand , only in Torata is there a high income level from the sale of family 
labor due to its lar ge availability (Table 2), i n contrast to the other 
three zones where income is meager . 
2 . Credit 
It is important to remember that there is no restriction whatever on 
the use of credit . It depends on the amount of income and costs and the 
periods when expenditures are required and income is available. 
The largest increases in the use of credit appear to be in the High 
Zone (Table 17), where the entire farm is planted to stone fruits when 
restrictions on the availability of water disappear . Such increases are 
reasonable because stone fruits only begin to produce economically 
beginning the fifth year since with the exception of income from the 
intercropping of peas and the sale of labor, there is no other income to 
meet expenditures. 
Table 17. Income and loans for the optimum plans of a representative farm in each zone with 
limited and unlimited availability of water during a 15 year production cycle 
Item 
Total gross income (sub-
total) 
Value of permanent crop 
production 
Value of annual crop 
production 
Sale of operators labor 
Total money borrowed (sub-
total) 
For production expenses 
For fixed living expenses 
Total money used 
Tora ta 
Un-
Limi ted limited 
626.9 773 .4 
510.9 735.0 
89.5 12.5 
26.5 26 . 0 
21. 7 44.2 
12.4 26.9 
9.3 17.3 
648.6 817.6 
Soles per hectare (thousands) 
Tumilaca 
Un-
Limi ted limited 
612.9 749 . 0 
524.3 735.0 
88 . 6 13.0 
0 1.1 
46.2 62.4 
37.8 52.7 
8.4 9.8 
659.1 811.4 
Middle Zone 
Un-
Limited limited 
188.8 233 
18.1 
170.6 233 
0.1 0 
2. 4 1.3 
2.4 0.3 
0 1.0 
191. 2 234.3 
Lower Zone 
Un-
Limi ted limited 
316.1 315.2 
194.8 139 . 7 
119.1 174.3 
2. 2 1.2 
50 . 7 32.7 
42.3 26.2 
8.4 6.5 
366.8 347 . 9 
0\ 
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Table 18. Expenses for the optimum plans of a representative farm in each zone with limited and 
unlimited availability of water during a 15 year production cycle 
Item 
Variable expenses (sub-
total) 
Permanent crop inputs 
Annual crop inputs 
Hired labor 
Fixed expenses (sub-total) 
Subsistence 
Various 
Interest payments (sub-
total) 
Total expenses 
Tora ta 
Un-
Limi ted limited 
132. 2 140.7 
78.1 112 . 4 
42.8 4 .1 
11.3 24. 2 
88.2 88.2 
62 . 6 62.6 
25 . 6 25 . 6 
4 . 4 7.4 
224.8 236.3 
Soles per hectare (thousands) 
Tumilaca 
Un-
Limited li1ptted 
197 . 7 208.4 
80 . 1 112 . 3 
42.7 4 . 1 
74 . 9 92.0 
40.5 40.5 
14.8 14.8 
25 . 7 25.7 
7.1 12 . 3 
245 . 3 261.2 
Middle Zone 
Un-
Limited limited 
91.2 114.3 
7.9 
61. 7 81. 2 
21.6 33.1 
58 . 2 58.2 
32 . 5 32.5 
25 . 7 25.7 
0.3 0.1 
149 . 7 172 . 6 
Lower Zone 
Un-
Limited limited 
131.1 133.4 
68.6 49.3 
54 . 0 73.2 
8.5 10 . 9 
62 . 6 62.6 
36 . 7 36 . 7 
25.9 25 . 9 
18.0 6.9 
211. 7 202 . 9 
0\ 
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Table 19. Loan and repayment schedule for the optimum plans of a 
representative farm in each zone with limited and unlimited 
availability of water 
Soles per hectare (thousands) 
Year Limited Unlimited Limited Unlimited 
Loan Repayment Loan Repayment Loan Repayment Loan Repayment 
Tora ta Tumilaca 
1 7.9 0.8 7.7 1. 7 9.8 4 . 5 10 . 2 l.6 
2 4.5 4 . 1 9 . 0 5 . 1 6 . 5 3.6 6.5 0 . 5 
3 1.5 5.9 11. 9 7.5 11.6 3. 2 
4 7.8 15 . 4 11.0 18 . 7 
5 21.2 6.2 38.0 7.0 29 . 7 15 . 4 44.2 
6 6.8 8. 0 25.2 
7 
8 
9 
Total 21. 7 26 . 1 44 . 2 51.6 46 . 2 53 . 3 62 . 4 74. 7 
Middle Zone Lower Zone 
1 1.1 1.0 0.3 0 . 3 15.7 7.6 13.3 7 . 9 
2 0 . 2 6 . 7 6.6 6 . 4 7.9 
3 1. 3 1.3 16.8 2 . 7 10.8 2. 4 
4 1. 9 1. 5 1. 9 
5 2 . 2 5.3 2 . 2 6.8 
6 1.1 0 . 9 
7 7.4 12 . 7 11.8 
8 22.3 
9 8 . 9 
Total 2 . 4 2.5 0.3 0 . 3 50.7 68 . 7 32.7 39.6 
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In the Middle Zone the use of credit is extremely low and practically 
non-existent, as compared with the other three zones (Table 17). This is 
due to the fa c t that in both situations annual crops are dominant and 
income is earned every six months so that there is largely no need for 
making use of loans. 
In the Lower Zone credit decreases considerably with the decrease in 
the grape area, where income from this crop begins to be received only in 
the fifth year. 
On the other hand, all conditions being equal, the level of loans 
depends on the amount of available family labor, sales of family labor and 
type of crop. Thus the low level of loans in Torata, as compared with 
Tumilaca, is due to the fact even if the large amount of family labor that 
is available in the representative farm in torata is almost fully used, 
there is always a surplus used off the farm; and what is more important is 
that the family labor used in the farm is not entered as an expenditure in 
the model and thus the use of credit is not demanded but rather is 
decreased. Furthermore along these same analytical lines the high level 
of loans in the Lower Zone under water shortage conditions as compared 
with Torata under equal conditions is due to no sale of labor making it 
impossible to earn any income with which to meet expenses as in Torata. 
In general, loan increases or decreases are related to production 
expenditures, with the exception of Torata, where there is also a consider-
able increase in loans to meet fixed costs for living expenses (Table 17). 
Loans for production expenses or subsistence expenses depend also on the 
flow of income and expenditures and on the crop schedules specified for 
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each zone. 
3. Costs 
a. Total costs When the situation changes from one of limited 
availability of water to one of unlimited availability of water, the 
increases in total costs per hectare are small, except in the Middle Zone, 
where they are slightly higher (Table 18). The largest increase should 
occur in the Lower Zone, as this is a zone where there is a greater 
shortage of water and costs should increase gradually with the full use of 
the farm area; however, this partly is not true because the area no 
longer planted to grapes is replaced by the annual (cycle) crops : wheat-
barley, from April to September, and hybrid corn from October to March, 
with smaller labor requirements than grapes . 
The lowest total cost levels per hectare occur in the Middle Zone 
where annual crops are dominant, while the highest occur in Torata and 
Tumilaca where stone fruits prevail. 
b. Variable costs The level of variable costs is directly re-
lated to available labor in the farm (Tables 12 and 18). Thus, in 
comparing variable costs under conditions of unlimited availability of 
water between Torata and Tumilaca (Table 18) no variation appears in the 
input costs being due entirely to expenditures for a greater purchase of 
labor. This is because Torata has a large availability of family labor 
and makes use of it extensively but this is not entered as a cost in the 
model while Tumilaca with a very small amount of available family labor 
has to resort to hired labor actually entered as an expenditure . 
69 
Furthermore, we see that in Torata and Tumilaca when conditions 
change from one of shortage of water to one of unlimited availability of 
water there is an overall decrease in expenditures for inputs for annual 
and permanent crops, but at the same time there is an increase in the 
costs of hired labor that is sufficiently high to set off the decrease in 
expenditures being responsible for the increase in variable costs (Table 
18). This indicates that relatively stone fruits use a larger amount of 
labor per hectare than the annual crops included in the optimum schedules 
under water shortage conditions. 
In the Middle Zone we see the lowest levels of variable costs, and 
it should be emphasized that when land is fully used, that is, under 
conditions of unlimited availability of water, the lowest variable costs 
per hectare occur, as compared with the other three zones in the same 
situation. If we add to this that in the Middle Zone the availability of 
family labor is far under that of Torata and the Lower Zone and therefore 
there is no opportunity there to use family labor with no cost, we may 
conclude that the variable costs per hectare are smaller when annual crops 
rather than permanent crops are dominant. 
In the Lower Zone under conditions of unlimited availability of water, 
we see the lowest level of hired labor as compared with the other three 
zones in the same situation (Table 18). This is because family labor is 
readily available, only surprassed by Torata, and is used, there being 
relatively little need for the purchase of labor; in addition grapes use 
relatively less labor than stone fruits (2). This situation -- which 
appears unrealistic because of the very small increase which takes place 
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when changing from a water shortage situation to that of unlimited 
availability of water, since it would be logical to find a big difference 
in view of the possibility of making a much more intensive use of land 
may be explained if one bears in mind that one of the hectares planted to 
grapes in the optimum plan under conditions of unlimited availability of 
water (Table 9) is turned into cultivated land by means of the annual 
(cycle) crops wheat-barley from April to September and hybrid corn from 
October to March. These crops use much less labor than grapes. 
c. Fixed costs We see that these costs remain unchanged either 
in a situation of shortage or abundance of water (Table 18) inasmuch as 
the amount is determined by the characteristics of each individual farm . 
d. Interest payments It is important to make a point of the 
situation of the Lower Zone under water shortage conditions which has a 
smaller amount of credit than Tumilaca under conditions of abundance of 
water (Table 17) and still pays more interest (Table 18) . This may be 
accounted for by the fact that income from annual crops, including grapes, 
is smaller than from stone fruits in Tumilaca where the latter crop 
though only starting to produce the fifth year has a higher value. This 
makes early payments possible and consequently less payment of interest . 
4. Loan and repayment schedule 
The length of the repayment period is related to the type of dominant 
crop in the farm. In the Middle Zone where there are only annual crops 
under conditions of unlimited availability of water (Table 11) there is 
just one repayment the first year (Table 19), since annual crops provide 
income every six months and therefore income from harvests is used to 
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finance the crops the following period thus making it unnecessary to use 
loans. 
In the Lower Zone, under conditions of water shortage, the last 
repayment is made only the ninth year (Table 19). The reason for this 
may be that in spite of the production of annual crops, 55 percent of the 
farm is devoted to grapes (Table 11), from which income is earned only the 
fourth year, and in addition it is much smaller than from stone fruits in 
the High Zone. 
In this sense, the High Zone is in an intermediate situation between 
the two above zones. This is due to the fact that while stone fruits from 
which income is very high are dominant in the area they only start to 
produce the fifth year. 
E. Discounted Value of Net Income 
The values that we maximized in the model are the discounted values 
of net income during a 15 year production cycle, at the annual discount 
rate of 5 percent, it is evident that in this aspect the optimum crop 
schedules in the High Zone characterized by stone fruits, show signifi-
cantly higher values than in the Middle and Lower Zones (Table 20) where 
annual crops and grapes are dominant. 
In the Middle Zone predominantly with annual crops, we find the 
smallest discounted income while the Lower Zone with grapes and annual 
crops lies in an intermediate level between the High and Middle Zones 
although closest to the latter. 
The effects of a larger availability of water on net discounted 
Table 20. Net income and discounted value of net income for the optimum plans of a representative 
farm in each zone with limited and unlimited availability of water during a 15 year 
production cycle 
Item 
Net income 
Gross income 
(-) Total expenses 
Discounted value 
(5% per year period) 
of net income 
Tora ta 
Un-
Limi ted li . d mite 
402.1 537.1 
626.9 773.4 
224.8 236.3 
240.3 318 . 7 
Soles per hectare (thousands) 
Tumilaca 
Un-
Limi ted limited 
367.6 487 . 8 
612 . 9 749.0 
245.3 261. 2 
216 .7 286 . 3 
Middle Zone 
Un-
Limi ted limited 
39 . 1 60.4 
188.8 233.0 
149.7 172.6 
24.4 40.2 
Lower Zone 
Limited Un-
limited 
104.4 112 . 3 
316.1 315.2 
211. 7 202.9 
57 . 5 64.3 
-...J 
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income are remarkable in the High and Middle Zones, but not so i n the 
Lower Zone (Table 20). They are even more remarkable in the High Zone 
because the point of reference used, i.e., the level of discounted net 
income per hectare under water shortage conditions, is much higher than 
that in the Middle Zone with unlimited availability of water . 
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IV. SOME APPLICATIONS OF RESULTS 
In this chapter an attempt is made to apply the results obtained at 
the representative farm level to larger areas, with a view to illustrating 
the behavior of the different variables at a higher aggregation level and 
thus be able to obtain a new basis for judgment for the study area . 
A. Regional Planning 
One of the problems that have to be faced continually by the organiza-
tions which plan the sector's activities is the lack of basic information 
that will enable them to determine the input, credit and technical 
personnel, needs, etc . Here we attempt to offer an illustration on what 
these needs would be if the optimum plans of the representative farms 
under conditions either of shortage or unlimited availability of water 
were to be implemented in the valley. 
Two assumptions have been made regarding the areas where the optimum 
plans would be implemented. The first assumption involves 25 percent of 
the area in each zone and the second assumption involves 100 percent . Two 
extremes have been chosen because by using these we can get an idea of the 
magnitude of the variables in operation, and also because it is easy to 
interpolate intermediate areas as may be desired . 
The first assumption involving 25 percent of the area is much more 
realistic in a true sense as far as being representative is concerned , 
since it is closer to the specific sizes of the selected farms. However, 
for purposes of illustration we can go up to 100 percent and see what the 
magnitudes of and contrasts between the variables in operation are at the 
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maximum aggregation level in each situation. 
Tables 21 to 28 show the representative figures and are sufficiently 
detailed to be self-explanatory. To appreciate these tables it is of 
fundamental importance to have in mind the basic information, method of 
analysis, results and discussion of the representative farms in the former 
chapters. 
However, it is necessary to point out some aspects of special 
importance when taking them to higher aggregational levels. The main one 
refers to the substantial differences noted between the existent crop 
distribution (Table 1) and that the valley would have if in the total 
cultivated area the optimum plans for the representative farms would be 
applied under the existent conditions of limited availability of water. 
See Table 22. 
The mentioned difference could be explained considering first, that 
each of the selected representative farms could only be used as a 
reference for a group of similar farms whose total area covers about 25 
percent of each zone (Assumption 2); second, that the objectives of the 
people who take the decisions in the farms of the Moquegua Valley could 
be as important or more important than the maximization of profits which 
is the objective of the model; and third, that technical and credit 
assistance -- in the broadest sense given to the farmers is limited. 
To complete what has been said it should be pointed out the dilemma 
of those responsible for the farm unit to change the traditional pattern 
of behavior known by experience within the economical and social relation-
ships of its environment towards another which is unknown and foreign to 
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Table 21 . Assumptions about the proportion of land being used according 
to the op t imum plans of a representative farm with limited and 
unlimited availability of water 
Zones 
Tora ta 
Tumilaca 
Middle Zone 
Lower Zone 
Total 
Assumption 1 
25% 
of the area 
194 
56 
307 
235 
792 
Hectares 
Assumption 2 
100% 
of the area 
774 
222 
1230 
940 
3166 
their world. The change to a new pattern of crops would be more probable 
if the government assistance and the frame of economic and social rela-
tionships given to the farmer provide him certainty regarding the market, 
inputs, timely irrigation, etc . This would permit one to take new courses 
and make investments which would involve his future activities . 
Regarding labor, Table 24 shows that with the proposed new crop 
distribution in the existent conditions of limited water availability, it 
is possible to buy considerable labor . It must be pointed out that this 
labor would be coming from the smaller farms of the valley, those smaller 
than or about 4 hectares. 
Regarding the use of the water, Table 25 shows that in order to cover 
the needs for all the valley (Assumption 2) it would require only 11.6 
million cubic meters . This small volume properly distributed along the 
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Table 22. Crop patterns in the 5th year if the total area is under the 
optimum plans for the representative farms with limited 
availability of water (Assumption 2) 
Hectares 
Crops and Middle Lower 
Period unused land Tora ta Tumilaca Zone Zone Total 
Stone fruits 542 158 - 700 
Tomatoes 77a 18a 123a 94a 312 
April Peas 16a - 1848 14la 341 
to Potatoes 46a 123a 188a 357 
June Grapes 74 517 591 
Wheat-barley 529a 529 
Unused land 139 197 336 
Total 774 222 1230 940 3166 
Stone fruits 542 158 700 
Tomatoes 77 18 123 94 312 
July Peas 16 184 141 341 
to Potatoes 139a 46 123 188 496 
Sept. Grapes 74 517 591 
Wheat- barley 529 529 
Unused land 197 197 
Total 774 222 1230 940 3166 
Stone fruits 542 158 700 
Oct. Potatoes 139 139 
to Grapes 74 517 591 
Dec. Hybrid corn 763a 188a 951 
Unused land 93 64 393 235 785 
Total 774 222 1230 940 3166 
Stone fruits 542 158 700 
Jan. Grapes 74 517 591 
to Hybrid corn 763 188 951 
March Unused land 232 64 393 235 924 
Total 774 222 1230 940 3166 
a 
Six month crop planted in the period. 
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Table 23. Crop pattern in the 5th year if the total area is under the 
optimum plans for the representative farms with unlimited 
availability of water (Assumption 2) 
Crops and planting 
date for the six 
month crops 
Stone fruits 
Grapes 
Tomatoes - April 
Peas - April 
Potatoes - April 
Wheat-barley - April 
Corn - October 
Total 
a 
Tora ta Tumilaca 
774 222 
774 222 
Hectares 
Middle 
Zone 
123 
184 
123 
800 
(12JO)a 
1230 
Lower 
Zone 
376 
94 
141 
188 
141 
(564)a 
940 
Total 
996 
376 
217 
325 
311 
941 
(1794)a 
3166 
Figures in parenthesis indicate six month crops planted after other 
crops in the same agricultural year. 
year would permit a substantial change in the use of the agricultural 
land going from the crop distribution shown in Table 22 to that in Table 
23. 
Finally, the use of the credit and its payment, shown year by year 
in Table 19, has been taken in aggregated form to 25 percent and 100 
percent of the area in Table 26. At the moment of granting the loan and 
specifying the payment, the great variability of the respective amounts 
from year to year must be considered. This is the result, principally, 
of the type of crops, dates of plantings, time table expenses, sale of 
Table 24. Labor balance for each zone according to assumptions during the 5th year 
Thousands of days Total 
Assumptions Zones Available familx: labor Purchase labor 
Total Used on Hired Not of hired used 
(2+3+4) the farm out used labor (2+5) 
1 2 3 4 5 6 
Assumption 1 Tora ta 37 . 1 24 . 3 10.8 2.0 3.0 27.3 
and limited Tumilaca 1.8 1. 8 6.2 8.0 
availability Middle Zone 13 . 4 13.4 13.3 26.8 
of water Lower Zone 25.5 24. 7 0.8 3.5 28.1 
Total 77 .8 64 . 2 11.6 2.0 26.0 90.2 
Assumption 1 Tora ta 37.1 26 . 1 11.1 7.0 33.1 
and unlimited Tumilaca 1.8 1.6 0.1 7.9 9.5 
-..J 
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availability Middle Zone 13.4 13.4 20.8 34.2 
of water Lower Zone 25 . 5 25 . 5 4.9 30.4 
Total 77. 8 66.6 11. 2 40.6 107.2 
Assumption 2 Tora ta 148.5 97.4 43.0 8 .1 11. 9 109 . 3 
and limited Tumilaca 7.0 7.0 24 . 8 31.8 
availability Middle Zone 53.7 53.7 53.6 107.3 
of water Lower Zone 102.0 98.7 3.3 13.8 112 . S 
Total 311 . 2 256 . 8 46 . 3 8 . 1 104.1 360 . 9 
Assumption 2 Tora ta 148 . S 104.3 44 . 2 28.0 132.3 
and unlimited Tumilaca 7. 0 6 . 5 0.5 31.5 38 . 0 
availability Middle Zone 53. 7 53 . 7 83 . 1 136 . 8 
of water Lower Zone 102 . 0 102 . 0 19 . 6 121 . 6 
Total 311 . 2 266 . 5 44.7 162.2 428 . 7 
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Table 25 . Water availability and requirements per stated period in the 
5th year for each zone according to Assumption 2 
Zones and 
periods 
Tora ta 
April to June 
July to Sept. 
Oct. to Dec. 
January 
Feb. to March 
Total 
Tumilaca 
April to June 
July to Sept. 
Oct. to Dec. 
January 
Feb. to March 
Total 
Middle Zone 
April to June 
July to Sept. 
Oct. to Dec. 
January 
Feb . to March 
Total 
Lower Zone 
April to June 
July to Sept. 
Oct. to Dec. 
January 
Feb. to March 
Total 
April to June 
July to Sept. 
Oct. to Dec. 
January 
Feb. to March 
Total 
Original 
availability 
of water 
per period 
5.25 
4.64 
5.74 
2.28 
3. 84 
21. 75 
1.63 
1.36 
1.64 
0.75 
1.27 
6.65 
7.09 
5.86 
6.05 
3.49 
8.69 
31.18 
4.88 
3.94 
4.09 
2 . 48 
5 . 90 
21.29 
18.85 
15.80 
17.52 
9.00 
19.70 
80.87 
Millions of cubic meters 
Water requirements 
per period 
Limited 
availability 
of water 
2.38 
4 . 39 
5.74 
2.07 
3.84 
18.42 
1.05 
1. 33 
1.42 
0 . 68 
1.27 
5 . 75 
6.67 
5.85 
6.05 
2.30 
5.07 
25.94 
3.41 
3. 71 
4.09 
1.63 
3.42 
16.26 
Unlimited 
availability 
of water 
2.21 
3.83 
6.55 
2.97 
5.52 
21.08 
0.67 
1.16 
1.99 
0.95 
1. 77 
6.54 
8.38 
7.29 
8.97 
3.41 
7.52 
35.57 
4.01 
4 . 04 
5. 70 
2.26 
4. 77 
20.78 
Totals 
13.51 
15.28 
17.30 
6.68 
13.60 
66.37 
15.27 
16.32 
23.21 
9.59 
19.58 
83.97 
Additional 
availability 
of water 
requi rements 
in the second 
situation 
0.81 
0 . 69 
1.68 
3.18 
0.35 
0 . 20 
0 . 50 
1.05 
1.29 
1.43 
2.92 
5.64 
0.10 
1.61 
1. 71 
1. 29 
1.53 
5.69 
0 . 89 
2.18 
11.58 
Table 26 . Gross income and loans for each zone according to assumptions during a 15 year 
production cycle 
Millions of soles 
Gross income MoneI borrowed 
Value Value Sale For For 
Assumptions Zones perm. annual opera- produc- fixed 
Total crop crop tors' Total ti on living 
(2+3+4) prod. prod. labor (6+7) expenses expenses 
1 2 3 4 5 6 7 
Assumption 1 Tora ta 121 . 3 98.8 17.3 5.1 4.2 2 . 4 1. 7 
and limited Tumilaca 34.0 29 .1 4.9 2.6 2. 1 0.5 
availability Middle Zone 58.1 5.6 52 . 5 0.8 0 . 8 
of water Lower Zone 74.3 45.8 28.0 0.5 11.8 9.9 2.0 
Total 287.7 179.3 102.7 5.6 19.4 15 . 2 4 . 2 
Assumption 1 Tora ta 149.7 142.3 2.4 5.0 8.6 5.2 3.3 
and unlimited Tumilaca 41.6 40.8 0.7 3.4 2.9 0.6 
availability Middle Zone 71. 6 71. 7 0.4 0.1 0.3 
of water Lower Zone 74.1 32.8 41.0 0.3 7.7 6.1 1.5 
Total 337.0 215.9 115.8 5.3 20 . 1 14.3 5. 7 
Assumption 2 Tora ta 485 . 2 395.4 69.3 20.5 16.8 9.6 7.2 
and limited Tumilaca 136.1 ll6 . 4 19 . 7 10 . 2 8.4 1. 8 
availability Middle Zone 232 . 2 22.3 209.8 0.1 3.0 3.0 
of water Lower Zone 297.1 183.1 112.0 2.0 47.7 39.8 7. 9 
Total 1150.6 717. 2 410 . 8 22.6 77 . 7 60.8 16.9 
Assumption 2 Tora ta 598.6 568.9 9.6 20 . 1 34. 2 20.8 13.4 
and unlimited Tumilaca 166.3 163.2 2.9 0.2 13.8 11.6 2 . 2 
availability Middle Zone 286 . 6 286 . 6 1.6 0 . 4 1. 2 
of water Lower Zone 296 . 3 131.3 163 . 9 1.1 30 . 7 24.6 6 . 1 
Total 1347.8 863.4 463.0 21.4 80.3 57 . 4 22.9 
Total 
of all 
money 
used 
(1+5) 
8 
125.5 
36.6 
58 . 8 
86.2 
307.1 CX> ...... 
158.2 
45 . 0 
72.0 
81. 8 
357.0 
502.0 
146.3 
235.2 
344.8 
1228.3 
632 . 8 
180.1 
288.2 
327.0 
1428.1 
Table 27. Expenses for each zone according to assumptions during a 15 year production cycle 
Millions of soles 
Variable e~enses Fixed exEenses Total 
Assumptions Zones Perm. Annual expenses 
Total crop crop Hired Total Sub-
(2+3+4) inputs inputs labor (6+7) sist . Various (1+5) 
1 2 3 4 5 6 7 8 
Assumption 1 Tora ta 25.6 15.1 8.2 2.1 17.1 12.2 5.0 42.7 
and limited Tumilaca 11.0 4.5 2.4 4.2 2.2 0 . 8 1.4 13.2 
availability Middle Zone 28.1 2.4 19.0 6.7 17.9 10.0 7.9 46.0 
of water Lower Zone 30.8 16.1 12.7 2.0 14.7 8.6 6.1 45.5 
Total 95.4 38.1 42.3 15.0 51.9 31.6 20.4 147.4 
Assumption 1 Tora ta 27.2 21. 7 0.8 4.6 17.1 12.2 5.0 44.2 
and unlimited Tumilaca 11.5 6.3 0.2 5.1 2.2 0.8 1.4 13.8 CP 
availability Middle Zone 35.2 25.0 10 . 2 17.9 10.0 7.9 53.1 N 
of water Lower Zone 31.4 11.6 17.2 2.6 14.7 8.6 6.1 46.1 
Total 105.3 39.6 43.2 22.5 51.9 31.6 20.4 157 . 2 
Assumption 2 Tora ta 102.3 60.5 33.l 8 . 7 68 . 3 48.5 19.8 170.6 
and limited Tumilaca 43 . 9 17.8 9.5 16.6 9.0 3.3 5 . 7 52 . 9 
availability Middle Zone 112 . 2 9 . 7 75.9 26 . 6 71.6 40.0 31.6 183 . 8 
of water Lower Zone 123.3 64 . 5 50.8 8 . 0 58 . 8 34 . 5 24.3 182.1 
Total 381.7 152 . 5 169.3 59.9 207 . 7 126.3 81.4 589.4 
Assumption 2 Tora ta 108 . 9 87.0 3 . 2 18. 7 68 . 3 48.5 19 . 8 177.2 
and unlimited Tumilaca 46 . 3 25 . 0 0 . 9 20 . 4 9.0 3.3 5.7 55.3 
availability Middle Zone 140 . 6 99 . 9 40.7 71.6 40.0 31.6 212.2 
of water Lower Zone 125.4 46 . 4 68 . 8 10.2 58.8 34 . 5 24.3 184 . 2 
Total 421. 2 158 . 4 172 . 8 90 . 0 207 . 7 126.3 81.4 628.9 
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Table 28. Net income and discounted value of net income for each zone 
according to assumptions during a 15 year production cycle 
Millions of soles 
Dis-
counted 
Net value a 
income Gross Interest of net 
Assumptions Zones 2-(3+4) income Expenses payments income 
1 2 3 4 5 
Assumption 1 Tora ta 77. 9 121.3 42 . 7 0.9 46.6 
and limited Tumilaca 20.4 34.0 13.2 0.4 12.0 
availability Middle Zone 12.0 58.1 45.9 0.1 7.5 
of water Lower Zone 24.5 74.3 45.5 4.2 13.5 
Total 134.8 287.7 147 . 3 5 . 6 79 . 6 
Assumption 1 Tora ta 103.9 149.6 44.2 1.4 61.6 
and unlimited Tumilaca 27.1 41.6 13 . 8 0.7 15.9 
availability Middle Zone 18.6 71. 7 53 . 1 12 . 4 
of water Lower Zone 26.4 74.1 46.1 1.6 15.1 
Total 176.0 337.0 157.2 3.7 105 . 0 
Assumption 2 Tora ta 311. 2 485.2 170.6 3.4 186 . 0 
and limited Tumilaca 81.6 136.1 52.9 1. 6 48.1 
availability Middle Zone 48 . 1 232.2 183 . 7 0 .4 30.0 
of water Lower Zone 98.1 297.1 182.1 16.9 54.1 
Total 539.0 1150.6 589.3 22 . 3 318.2 
Assumption 2 Tora ta 415.7 598.6 177. 2 5.7 246 . 7 
and unlimited Tumilaca 108.3 166 . 3 55.3 2. 7 63 . 6 
availability Middle Zone 74.3 286.6 212.2 0 . 1 49.4 
of water Lower Zone 105.6 296.3 184.2 6.5 60.4 
Total 703 . 9 1347.8 628.9 15.0 420 . 1 
a 5% per year period. 
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crops, and availability of family labor . 
B. A Comparison with the McCreary-Koretsky Study 
In this section the present study will be compared to the study by 
McCreary-Koretsky at the common level of aggregation for both, the 3,166 
hectares considered in the present study. 
Tables 29 and 30 show the crop distribution that was reconnnended by 
McCreary-Koretsky from the irrigation project based on the reservoirs and 
the net income per hectare respectively. It must be pointed out that this 
average per hectare does not include the 370 hectares of olives of Ila 
Valley shown in Table 29 since this region is not included in the present 
study . 
On the other hand, the net income per hectare belonging to the 
existent situation is shown in the first column of Table 30 and was 
calculated based on the general average for the whole area as presented 
by McCreary-Koretsky (8). 
All the averages per hectare have been taken to the 3,166 hectares 
in order to be able to make comparisons as shown in the second part of 
Table 30. 
It is important to notice the fundamental differences between crop 
distribution without limited water as shown in Table 23 with that of the 
irrigation project of McCreary-Koretsky shown in Table 29. The first crop 
distribution, as pointed out in the latter section, must be seen as an 
illustration, since the representativeness of the farms corresponds to a 
much smaller area. 
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Table 29. Recommended future crop pattern in the Moquegua basin after 
completion of project according to the McCreary-Koretsky 
Engineers Feasibility Report (8) 
Crops 
Alfalfa 
Corn 
Wheat or barley 
Potatoes 
Olive 
Grapes 
Stone fruits 
Various 
Totals 
a Tora ta 
250 
300 
(200)d 
(lOO)d 
200 
50 
800 
Hectares 
b Moquegua 
250 
200 
(200)d 
1250 
650 
136 
2486 
Total 
500 
500 
(400)d 
(lOO)d 
370 370 
1250 
850 
14 200 
384 3670 
a 
It includes a few little areas of the Huaracane River tributaries 
not considered in the present study. 
blt includes Tumilaca and the Middle and Lower Zones of the present 
study. 
~his area is not included in the present study. 
d 
Figures in parenthesis indicate six month crops planted after other 
crops in the same agricultural year. 
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Table 30. A comparison of discounted values of net returns for diffe rent 
rates of interest during a 50 year production cycle per 
hectare and for 3,166 hectares between the McCreary-Koretsky 
study and the present study 
Discounted McCreaEY-Koretskx Present studx 
value: With the Limited Unlimited percent per Present b availability availability one year period situation a project of water of water 
Soles per hectare 
2 112,812 349,354 503,273 631,659 
5 65,539 179,469 255,967 324,686 
10 35,595 79,188 107,688 139,240 
15 23,913 47,767 55,874 73,700 
Millions of soles in 3,166 hectare s 
(1) (2) (3) (4) 
2 357. 2 1 , 106.1 1,593.4 1,999.8 
5 207.5 568.2 810.4 1,028.0 
10 112.7 250 . 7 340.9 440 . 8 
15 75.7 151.2 176.9 233.3 
a 
The soles per hectare come from an average in the total area that 
is shown in Table 29. 
b 
The soles per hectare come from an average in the total area shown 
in Table 29, but not considering the 370 hectares of olives near the 
port of Ilo. 
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Figure 4 shows graphically the data of the second part of Table 30 . 
It can be appreciated that as the interest rate increases , the discounted 
net income decreases being the rate of decrease greater as the net 
income increases. The determination of the interest rate to finance the 
investments would make possible the obtention of net income coming from 
the project according to McCreary-Koretsky and from the situation of 
unlimited water availability according to the present study, it could 
determine whether these investments would occur or not . This is due to 
the fact that if the rate of interest is high, say 10 percent, the 
project would also have to produce high net income in order to cover 
amortization and interest. That is to say, the net income generated by 
the project, which could be considered as the opportunity cost of the 
capital , would have to be sufficiently high to justify the investment 
against other alternatives in the sector and in other sectors. Renee, 
it is evident that when the government proposes a financial policy based 
on low interest credit to the agriculture sector , it is making attractive 
a series of projects of the sector and consequently to the allocation of 
resources within the sector. 
If any of the situations pointed out in columns 2, 3, and 4 of Table 
30 emphasis should be put on the cost that the State must cover concern-
ing technical assistance of all kinds that must be given to the farmers 
in order to change successfully the crop distributions in the valley. 
In that sense, the projects which require a great initial investment 
would have a disadvantage over projects where the investment is distrib-
uted over a longer period of time such as those investments for 
Fig. 4. A comparison of discounted values of net returns for 
different rates of interest during a 50 year production 
cycle for 3,166 hectares between the McCreary-Koretsky 
study and the present study 
1 McCreary-Koretsky:present situation 
2 McCreary-Koretsky:with the project 
3 Present study:lim.ited availability of water 
4 Present study:unlimited availability of water 
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Interest rates (percentages) 
2 5 10 15 
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implementing optimal plans in the existing plan of water availability. 
This happens because when comparing the sum of discounted values of the 
benefits with the discounted values of the costs at different rates of 
interest, as the rate increases, the discounted costs get relatively 
larger than the discounted benefits, due to the fact that over the 
initial investment, which is a major part of the discounted cost, the 
discounted rate is not acted upon. 
On the other hand, if we observe the differences between additional 
discounted net income relating to the different situations shown in the 
numbered columns of Table 30, and whose figures can be seen in the first 
part of Table 31, we see that if we take as a base the existent situation 
of deficient use of the available resources according to McCreary-Koretsky 
the additional discounted net income about this situation are much higher 
with regard to the limited water availability (difference between columns 
3 and 1), than compared with the project of McCreary-Koretsky (difference 
between column 2 and 1). 
The latter comparison is also expressed in percentages in the second 
part of Table 31, observing that additional discounted net income for a 
discount rate of 2 percent, for example, are 346.1 percent and 209.7 
percent respectively. On the other hand we also see that the percentage 
of increment of net discounted income with changes from limited to 
unlimited water availability is only 25.5 percent at the same discount 
rate of 2 percent. 
The comparisons just mentioned could be an interesting point of 
reference when considering major engineering work of high costs for 
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Table 31. A comparison of additional discounted values of net returns 
during a 50 year production cycle for different rates of 
interest under the 3,166 hectares considered in the present 
study expressed in millions of soles and percentages and 
established according to the differences obtained from the 
second part of Table 30 [the columns being numbered from (1) 
to (4)) 
Discounted 
value : 
percent per 
one year 
period 
2 
5 
10 
15 
2 
5 
10 
15 
a Increments 
each case. 
(2) - (1) (3) - (1) (4) - (1) (4) - (3) 
Millions of soles 
749.9 1,236.2 1.642.6 406 .4 
360.0 602.9 820.5 217.6 
138.0 228.2 328.1 99 . 9 
75 .5 101. 2 157.6 56.4 
Percentages 
209. 7 346 .1 459.9 25.5 
173.8 290 .6 395.4 26 .9 
122.4 202.5 291.1 29.3 
99.7 133. 7 208.2 31. 9 
in percentages taking as a base the second column in 
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regularizing irrigation in the zone, when it could be possible to obtain 
great benefits with the existent situation since the efficient use of the 
available resources is yet far. 
Another point of interest would be that the benefits of the regu-
larization of irrigation should be measured based on the optimum use of 
the existent available resources and not on the existent conditions of 
deficient exploitation. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The conclusions of this study are: 1. The total use of land 
resources in the valley of Moquegua (Torata, Tumilaca, Middle Zone and 
Lower Zone) is at present precluded by the limited availability of water. 
2. The removal of water restrictions would make the maximum utilization 
of l and and a greater absorption of labor possible. 
It is recommended that final studies be made on the possibility of 
introducing stone fruits on an industrial scale in Torata and Tumilaca , 
and also on the demand of canned tomatoes and peas in order to install a 
processing plant. 
The present crop distribution in the farms is not the most adequate 
in the light of the characteristics of the resources and their availabili-
ty. 
Both under water shortage conditions and unlimited availability of 
water, the stone fruits appear to be the most adequate crop for the farms 
in the High Zone (Torata and Tumilaca) . 
Under water shortage conditions, the April-September potato annual 
crop in Tumilaca , and the tomato crop for the same period in Torata are 
excellent producing crops. This is also true with the October- March corn 
(grain) crop in Tumilaca. 
In the farms in the Middle and Lower Zones, the April-September 
potato, tomato and pea crops and the October-March hybrid corn crop show 
excellent possibilities both under shortage and abundance of water 
conditions. 
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In the farms in the Middle and Lower Zones under water shortage 
conditions grapes offer a relative advantage over the annual (cycle) crops: 
wheat-barley from April to September and hybrid corn from October to 
March, because of their smaller water requirements. 
Both under conditions of shortage and unlimited availability of 
water in the farms in the Middle and Lower Zones, the April-September 
wheat-barley crop appears as an interesting annual crop next to potatoes, 
tomatoes and peas in the same period. 
In the Torata farms, there is a marked surplus of family labor. 
The stone fruits in the High Zone admit a greater absorption of labor 
than annual crops, including grapes in the Lower Zone. 
In the farms in the Lower Zone with a greater availability of family 
labor, grapes have a relative advantage over the annual (cycle) crops: 
wheat-barley from April to September and hybrid corn from October to 
March because of their large labor requirements. 
At the time of planning the stone fruit area under the present 
situation of limited availability of water in Torata and Tumilaca it 
should be borne in mind that the water restrictions may be critical the 
fifth year of the growing period of such fruits and specifically in the 
period February-March. 
In the Middle and Lower Zones, restrictions are critical in the 
period July-September, within the six-month period April-September and in 
October-December within the six month period October-March. 
Stone fruits and grapes account for high levels of income and costs 
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as well as larger amounts of credit than annual crops . 
Stone fruits in the farms in the High Zone account for much higher 
levels of discounted net income than those for annual crops in any zone, 
including grapes. 
The effects of a larger availability of water on net discounted 
income are remarkable in the farms in the High Zone when the stone fruit 
crop area reaches the upper limit allowed . 
From the results of this study we are in a position to suggest that 
along with a further study on the benefits to be derived from a larger 
availability of water and the relevant costs at the valley level an 
alternative be contemplated also for studying the improved use of the 
available resources, which at present farmers are very far from using as 
efficiently as possible. It is the costs and benefits resulting from the 
improved use of the resources that should be utilized for making a compari-
son with those resulting from an available permanent source of irrigation . 
Because of the possibility of the application of a similar method 
being employed to other coastal valleys, it is important to point out that 
it is feasible to amplify and improve the information provided i n the 
model by introducing variations in the restrictions, prices and coeffi-
cients to obtain new results. Even more important, the trend of their 
variation while those changes are produced can be found. Since the price 
variations are decisive in agriculture, it is convenient to insist that 
demand studies are an essential element to consider in the model in order 
to arrive at results which approach real conditions as much as possible. 
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VI. SUMMARY 
The present study takes place on four representative farms in the 
Moquegua Valley with the objective of optimizing the use of the resources 
in the existent situation of limited water availability as well as 
assuming this limitation disappears due to the presence of reservoirs in 
the upper part of the valley. 
The linear programming model applied on the farms and the data have 
been taken from the work done to prepare the pilot plan of integral 
development of the Moquegua Valley. The model maximizes the discounted 
net income during a 15 year cycle of production, allowing flexible alloca-
tion of the resources - land, water, labor - as well as the capital flow 
among periods in accordance to income, expenses, credit, etc . 
The results at the representative farm level were taken to higher 
levels of aggregation for regional planning purposes and to compare with 
other studies in order to evaluate the effects of an eventual regulariza-
tion of irrigation in the valley. It is concluded that the total use of 
the land in the Moquegua Valley is prevented by the irregular and limited 
water availability, and, that the elimination of this limitation would 
enable the maximum use of the l and resources and greater absorption of 
labor. 
Finally , it is recommended that the benefits of a permanent source of 
irrigation be determined based upon the optimum use of the available 
resources and not on the existent conditions of deficient exploitation. 
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IX. APPENDIX 
A. Mathematical Formulation of the Model 
1. Restrictions defined by the model 
Land restrictions: The use of land during each year was divided 
into four periods defined as follows: 
where 
Periods Months 
1 April - June 
2 July - September 
3 October - December 
4 January - March 
Mathematically the restrictions are defined in equations: 
Np 
~I 
(9.1) 
Tij = the quantity of land available during the i-th period of the 
j-th year . 
i=l, ••. ,4 and j•l, ••. , 5. 
aijk = the quantity of land used by one unit of the ~ activity in the 
i-th period of the j-th year . i and j are defined as above. 
~=the level of the k-th production activity. 
Np = the number of production activities. 
thus, 
Np 
L 
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(+aijk) ~ • the total amount of land used by all producing 
activities in the i-th period of the j-th year . 
This equation essentially states that the total use of land must be 
equal to or less than the total amount of land available . 
Labor restrictions: The use of labor was divided into four per iods 
for each year of the plan. The definition of these periods is the same 
as those defined for land. Mathematically, the restrictions are defined 
in equations: 
where 
Np 
M .. ~ 
1J L 9.2 
k=l 
Mij the quantity of family labor available in the i -th period of 
the j-th year. i and j are defined the same as for Equation 
9.1 above . 
bijk= the quantity of labor used by one unit of the ~ activity in 
the i-th period of the j-th year. i and j are defined the 
same as for Equation 9 .1 above. 
~ = the level of the k-th production activity. 
Np 
thus, L 
k=l 
(+bijk) ~ = the total amount of labor used by all produc-
tion activities in the i-th period of the i-th 
year . 
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cij a the level (in number of days) of purchase of labor during the 
i-th period of the j-th year. i and j and Np are defined the 
same as for Equation 9 .1 above. 
vij = the level (in number of days) of sale of family labor during 
the i-th period of the j-th year, i = 1, 2 for j = 1, 3 where 
i = 1 is the period April-June and i = 2 is the period January-
March. For j = 4, i = 1, 2 where i ~ 1 in the period July-
September and i = 2 in the period January-March . 
This equation essentially states that the total use of labor must be 
equal to or less than the total amount of family labor available plus the 
amount of labor purchased minus the amount of labor sold. 
Water restrictions: The use of water was divided into five 
periods defined as follows : 
Period Months 
1 April-June 
2 July-September 
3 October-December 
4 January 
5 February-March 
Mathematically, these restrictions are defined in equations: 
where 
Np 
Aij ::::,._ L (+cijk) ~ 
k•l 
(9.3) 
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Aij = the quantity of water available during the i - th period of the 
j-th year . 
1=1, . .. ,5 and j•l, ••• ,s. 
cij = the quantity of water used by one unit of the ~ activity in 
the i-th period of the j-th year, i and j are defined as for 
Aij above and Np as in Equation 9. 1 . 
~ = the level of the k-th production activity . 
Np 
Thus, ~ (+c
1
j) ~ = the total amount of water used by all production 
k=l activities in the i-th period of the j-th year. 
This equation essen tially states that the total use of water must be 
equal to or less than the total amount of water available. 
Money balance equation: Four different financial balance equations 
are defined for each financial period defined by the model. The first of 
these is the money balance equation which receives all money income 
from production activities and from the sale of family labor and dispenses 
this income in an optimal manner. Mathematically, this restriction is 
defined in equations: 
Np 
n1j • ~ (-dijk) ~ + (-e1j) + (~fij) Tij + (+l.O) v1j + 
where 
k=l 
(9.4) 
Dij unused money in the i-th period of the j - th year. For the 
optimal solution Dij = O. 
thus, 
x1c 
Np 
L 
k=l 
104 
the amount of gross revenues produced by one unit of the ~ 
activity in the i-th period of the j-th year. For j=l , ... , 5 
and i=l, 2 where l=April-September and 2=0ctober-March. For 
j=6, ... , 10 and i=l where l=one year and for j=ll and i-1 
where j=a five year period or the 11-th through the 15th 
year of the plan. 
• the level of the k-th production activity . 
(-dijk) ~ = the total amount of gross revenue produced by all 
producing activities in the i-th period of the 
j-th year. 
eij = the daily wage received for sale of labor in the i-th period 
of the j-th year . i and j are defined as for dij above . 
Vij = the level (in number of days) of labor sold during the i-th 
period of the j-th year . i and j are defined the same as in 
Equation 9.1 
thus, e1jvij = the total amount of money produced from the sale of labor 
during the i-th period of the j-th year. 
fij = +1 .0 for the period t and -1.0 for the period t+l. 
Tij = the level of money transfer from period t to period t+l. 
Vij = the level of money transfer from the money balance equation 
to the current expenditures balance equation. 
Wij = the level of money transfer from the money balance equation 
to the fixed expenditures equation. 
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gij + 1.0 + L in the period t+l where L equals the rate of interest 
for period t. 
Rij = the level of loan repayment for the i-th period of the j-th 
year. 
Thus, gijRij = the total amount of money used in the i-th period of the 
j-th year, to repay previously borrowed money. 
Zij = the level of capital accumulation for the i-th period of the 
j-th year . 
This equation essentially states that the money available during any 
period will be used to pay operating expenses, fixed expenses, to repay 
loans saved for use in a future period or saved in the form of accumulated 
capital. 
Current expenditures balance equation: The second financial 
balance equation receives and dispenses money destined for current 
operating expenses. Mathematically, this restriction is defined in 
equations: 
where 
Np 
~ (+mijk) ~ + (+Nij) cij + (-1.0) vij + (-1 . 0) Pij 
k=l 
(9.5) 
Eij = unused money for current expenditures in the i-th period of 
the j-th year. For the optimal solution Eij = 0. 
mijk = the amount of operating capital used by one unit of the ~ 
activity in the i-th period of the j-th year . i and j are 
defined the same as for dijk above. 
thus, 
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~ • the level of the k-th production activity. 
Np 
~ (-hnijk) "" • the total amount of operating capital used by 
all production activities in the i-th period k=l 
of the j-th year. 
Nij m the daily wage rate for purchased labor in the i-th period of 
the j-th year; i and j are defined as for dij above. 
Cij a the level (in number of days) of purchase of labor during the 
i-th period of the j-th year. i and j are defined the same as 
for Equation 9.1 above. 
thus, (Nij) Cij the total amount of operating capital used to purchase 
labor in the i-th period of the j-th year. 
Vij a the level of money transfer into the current expenditures 
balance equation from the money balance equation in the i-th 
period of the j-th year. 
Pij a the level of borrowed money for current expenditures for the 
i-th period of the j-th year. 
This equation essentially states that total current expenditures must 
be equal to the sum of money available for current expenditures plus money 
borrowed for current expenditures. 
Fixed expenditures balance equation: This third financial 
balance equation receives and dispenses money destined for fixed expend!-
tures. Mathematically, this restriction is defined in equations: 
(9.6) 
where 
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Fij = the quantity of fixed expenditures of the firm during the 
i-th period of the j-th year. i and j are defined the same 
as for dijk above. 
Wij = the level of money transferred into the fixed expenditures 
equation from the money balance equation . 
Qij = the level of borrowed money for fixed expenditures for the 
i-th period of the j-th year. 
This equation essentially states that total fixed expenditures must 
be equal to the sum of money available for fixed expenditures plus money 
borrowed for fixed expenditures. 
Loan repaymen t balance equation : The fourth financial 
balance equation receives money for cancellation of previously accumulated 
debts. Mathematically, this restriction is defined in equations: 
(9.7) 
where 
Gij a the amount of loaned money not repaid in the i-th period o f 
the j-th year. 
Gij = 0 . i and j are defined the same as for dink above . 
Pij a the level of borrowed money for current expenditures for the 
i-th period of the j-th year. 
Qij = the level of borrowed money for fixed expenditures for the i-th 
period of the j-th year . 
108 
Rij • the level of loan repayment for the i-th period of the j-th 
year. 
Pij = -1.0 for the time period t; +1.0 + L for the time period t+l 
where L equals the rate of interest for period t. 
sij e the level of loan repayment transfer from period t+l to 
period t. 
This equation essentially states that all money borrowed must be 
repaid with interest. 
Restriction on the upper limit of potatoes: Due to demand 
limitations it was necessary to place an upper maximum on the quantity of 
potatoes that the farmers could produce. Mathematically, this upper limit 
is defined by equations: 
where 
(9. 8) 
Hj = the upper limit on the amount of land that can be planted to 
potatoes in the j -th year of the plan. j=l, ... ,5. 
xju a the level of the potato producing activity in the j-th year. 
j-1, .•. ,5. 
Restriction on the upper limit of tomatoes: The alternative 
of producing tomatoes was eliminated during the first and second years of 
the plan. During the remaining years it was necessary due to demand 
!imitating to place an upper maximum on the production of this crop. 
Mathematically, this upper limit is defined by equations: 
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(9.9) 
where 
Kj = the upper limit on the amount of land that can be planted to 
tomatoes in the j-th year of the plan. j =3 , . .• ,S. 
xjv the level of the tomato producing activity in the j-th year 
of the plan. j=3, •.. , 5 . 
Restriction on the upper limit on peas: As with tomatoes the 
alternative of producing peas (non-intercropped) was eliminated during 
the first and second years of the plan . During the remaining years it 
was necessary to place an upper limit on the production of this crop due 
to limitations of demand. Mathematically , these limitations are defined 
by equations: 
(9 . 10) 
where 
Lj the upper limit on the amount of land that can be planted to 
peas in the j-th year of the plan. j=3, ..• , 5. 
X. = the level of the peas producing activity in the j-th year of JW 
the plan . j=3, ... ,5. 
Restrictions on the amount of intercropping: The alternative 
of intercropping peas and horticultural crops with permanent crops was 
given to the farmers during the first three years of the plan. 
Mathematically , this restriction is defined by equations : 
where 
thus, 
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N N x y 
M ::::::::-
j L (-k ) jx x + (+l. O) Xjy (9.11) x 
x•l y-•l 
Mj = the upper limit on the amount of intercropping in permanent 
crops in the j-th year of the plan. j•l, . . . ,3. 
kjx = the quantity of land available for intercropping 
unit of the X activity (permanent crops) during x 
j=l, .•• ,3. 
X c the level of the k-th permanent crop activity. 
x 
N • the number of permanent crop activities. 
x 
N 
x 
Mij = o. 
for each 
the j-th year. 
x•l 
(-kjk) Xx a the total amount of land available for intercropping 
in the j-th year. 
thus, 
= the level of the intercropping activities (peas and 
horticultural crops) in the j-th year of the plan. 
N = the number of intercropping activities. 
y 
N 
y 
L (+l.O) Xjy • the total amount of land used for intercropping 
in the j-th year of the plan . 
Restrictions on the rotations of crops: Both peas and 
tomatoes have disease problems which can be controlled only by rotation. 
Thus, for the land not planted to permanent crops, it was necessary to 
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include restrictions in the model which assured that these crops would 
not be seeded continuously. The mathematical formulation of this restric-
tion is given by equations: 
N N x z 
.:;;;;;:- L o- (+l. 0) x j x L (+3.0) (9 .12) + x z 
x•l z•l 
where 
0. = the total land available for cropping in the j-th year of the 
J 
plan. j=l, ..• ,5. 
X = the level of the x-th permanent crop activi ty. x 
N the number of permanent crop activities. x 
X the level of the z-th ratable crop activity. 
z 
N = the number of rotable crop activities. z 
2. The objective function 
The objective function to be maximized is the discounted value of 
the flow of net incomes over the 15 years of the planning period. 
Mathematically, this function is given by equation: 
Z' (9 .13) 
where 
Z' a discounted value of the objective function 
nj = 2 for j =l, ..• ,5; 1 for j•l, ... ,10 and 1 for jall . 
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cij - the discounted value (5 percent per year) of one sol in the 
i-th period of the j-th year. 
Zij - the quantity of money transferred to the objective function 
for the i-th period of the j-th year. 
